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Physiological Adaptation of People in Tropical
Countries in Some of their Anthropometric
Dimensions in Relation to Thermoregulation

RABINDRA NATH SEN

ABSTRACT The metabolic rate of the human body is usually expressed
per unit of body surface area, which depends on the various body dimensions. As
the surface area relates to heat loss it changes with the environmental temperature,
not only by developing efficient heat conserving and heat dissipating devices but
also by rolling up in cold weather and spreading out in hot weather.

The study on determination of the surface area of the body of Indians confirm
that Indians, in general, have relatively greater surface area of the body than the
Westerners living in cold climates have. Our observations that in addition to the in-
crease of surface area the Indians, in general, have comparatively lower body weight
and lower body fat are in line with the Climatic Rules of Bergmann and Allen.

Based on actual determination of body surface area of 31 Indians the following
prediction equation, where the exponents of weight (W) and height (H) were so chosen
as to satisfy that the expression remained bidimensional was suggested: A (em2) =
W (kg)?-5%9% X H(cm)0-3908 % 377.82. The significance of the observations that body
surface area as determined by the above weight-height formula is relatively higher
in Indians than in Westerners, and that the higher power of weight in the above
formula compared to that obtained by Du Bois and Du Bois (1916) suggests that
the amount of change in the surface area of Indians for unit change in weight is
higher than that for unit change in height, is discussed.

The basal metabolic rate of the human body is usually expressed per
unit of body surface area which depends on the various body dimensions.

It is believed by some that the rate of cooling of a body is propor-
tional to its surface area. If so, the heat production must likewise be
proportional to the surface area since in homeotherms (assuming constancy
of body temperature) heat production must equal heat loss. Homeotherms,
therefore, must have developed in course of evolution a heat production
control system to function in relation to surface area. As heat production
is proportional to oxygen consumption and since heat loss and heat production
are proportional to free surface and since surfaces vary with the squares of
the homologous sides it follows that oxygen consumption, heat production
and heat loss are proportional to the square of the corresponding dimensions
of the animals under comparison.
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From the theory of similitude surface area varies with the square of the
linear size, provided the large and small animals are similar in the way that
large and small circles or spheres are similar. Since strict biological similitude
between animals in space and time is impossible strict agreement between
observed facts on animals and deductions by dimensional analysis are
impossible—only approximations can be made. It is generally believed
that in considering the constancy of basal heat production per square meter
of body surface there should be no confusion caused by linking this observa-
tion with that of a cooling body. If only a question of cooling were involved
metabolism wouid have ceased to exist in warm climates and the cells would
have died.

Whatever may be the theoretical significance of body surface as a bio-
metric unit for reference of metabolic measurements it seems presently that
the use of such a unit gives less variable results for individuals differing
greatly in size and for different species. The fact that the external surface
area per unit weight declines with increasing weight probably explains from
the evolutionary viewpoint the observation that the basal metabolism per
unit weight declines with increasing body weight. The basal metabolic
rate is expressed generally in terms of kilocalories per hour per square meter
of body surface and clinically as percentage below or above a normal standard.

The methods of determining the metabolic rate have been greatly
improved leaving the surface area as the doubtful factor. The surface area
may be calculated by using different formulae proposed by different workers.
The number of formulae for the determination of surface area is large but the
number of individuals whose surface areas have been measured is small.
It has been pointed out that it is absurd to measure the metabolic rate or
heat production with an error of approximately 2 per cent and then express
the metabolism in terms of units of surface area which is estimated by a
formula that may be inacourate to the extent of 10 to 30 per cent.

Leutulle and Pompilian (1906) used a method of determining surface area
somewhat similar to the linear formula adopted by Du Bois and Du Bois
(1915) nine years later. They consider that the surface of the body consists
of the surface of a number of trapezoids, one covering the upper arm, one the
forearm, one the hand, one for each finger, and so on. They calculated the
area of each trapezoid from the length of the part and the circumference at
the two borders which form the sides of the figures. Lassabliere (1910)
measured the surface of a number of children by marking out the skin in
geometrical patterns and determining the area by means of a planimeter.
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In 1915 Du Bois and Du Bois repeated Meeh’s (1879) work of determina-
tion of the surface area of the body. After much experimentation they
devised some improvements on the methods previously used.

The subjects of Du Bois and Du Bois (1915) consisted of one cretin, one
convalescent typhoid patient, one tall thin man, one tall man of average
build, one very short and fat woman, one tall emacited diabetic patient, one
fatty body, one dead body, one sculptor’s model and one very tall and thin
man.

MATERIALS AND METHODS

In the present investigation the data on surface area of the body of 15
Indian adult males (Sen, 1954; Banerjee and Sen, 1955), 7 Indian adult
females (Sen, 1960; Banerjee and Sen, 1958; Banerjee et al., 1958) and 9
Indian children (Sen, 1960, 1967) actually determined by a combination of
the tape, the surface integrator and the plaster mould methods have been
considered.

The method of least squares was employed to estimate the values of
the exponents of weight and height and also of the constant, C, in the formula,
4 (sq em) = W, X Hf,yXC. A new prediction equation, 4 =
Wo.5664 5 FJ0.8008 ¢ 37782 was obtained from the data of 31 subjects
(adult males, females and children) when the restriction, 3« {8 = 2, was
imposed to satisfy that both sides of the above equation remainel
bidimensional. When no restrictions were used another new prediction equa-
tion, A = W0-5707 x F0-2957 ¢ 381.71, was obtained. It was observed that the
restriction increased the standard error of estimate by only 0-29 per cent on
the positive side and 0-27 per cent on the negative side. The increase in the
standard error of estimate is not significant at 1 per cent level.

RESULTS AND DISCUSSION

It was observed by Takeya (1929) and others including the present author
(Sen, 1954; Banerjee and Sen, 1958) that the corrected constant in the weight-
height formula of Du Bois and Du Bois (1916) generally becomes smaller with
increase of height. There is such a tendency also in the case of Indian adult
males, females and children. The comparative values are presented in
Table 1.

As the average height of Indians (especially the Bengalis) is much below
the average height of Americans the higher value of the new constant, 74-66,
78:28, 76-61 in the case of Indian adult males, adult females and children,
respectively may be explained in terms of the above observation. The best
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results for Japanese men were obtained by using the weight-height formula
with the constant 72-46 instead of 71-84.

Takeya (1929) measuring 22 Japanese by a slightly different method
concluded that the best formula to calculate the surface area was the
weight-height formula with a constant of 75-05 instead of 71-84. He also
noted that the constant seems to vary with the height in so far as when
the height increases the constant decreases.

Stevenson (1928) measured the surface of 10 Chinese using both the
“linear” and “weight-height’” formulae. The totals obtained by adding
the surfaces of different parts according to the linear formulae agreed closely
with the results calculated according to the weight-height formula but this
he thought was due to a fortuitous compensation between errors in different
regions. Stevenson (1930) has suggested a new set of constants for the linear
formula when applied to the Chinese. The weight-height formula gives
higher values than the linear formulae with the Chinese.

TABLE 1. A comparison of different formulae for the calculation of body surface area (A cm?) from
the body weight (W kg) and body height (H cm)

Sl. Formulae for surface area No. of subjects with reference
No.

1.

A = Wo-3s XH0-725 XT71-84

10 Americans (Du Bois and Du Bois, 1916)

2. A = W04 x H0-725 x 75-05 22 Japanese (Takeya, 1929)
3. A = Wo0-425 X [H0:725 X 72-46 10 Japanese (Takahira, 1925)
4. A = W0-135 x F0:725 x 74-40 12 German infants (Pfaundler, 1916a
and 1916b)
5. A = Wo-425 x H0-726 % 78-50 Infants (Faber and Melcher, 1921)
6. A = W0:428 x HO-725 % 76-40 1385 Subjects in literature (Boyd et al., 1930)
7. A = W0o-425 x HO.725 % 74-66 15 Indian adult males (Sen, 1954;
Banerjee and Sen, 19565, 1957)
8. A = Wo:426 x F0.725 » 78.28 7 Indian adult females (Sen, 1960;
Banerjee ot al., 1958)
9. A = W0425 x H0-725 x 76:61 9 Indian children (Sen, 1960, 1967)
10. 4 = W°425x H0-725 x 'i6-04 31 Indian subjects (Sen, 1960, 1967)
11. A = Wo-427 x HO0-718 % 74-49 10 Japanese (Takahira, 1925)
12. A = Wo-57¢ x H0-275  304-56 135 Subjects in literature (Boyd et al., 1930)
13. A = W0-533 x H0-400 x 241-10 133 Subjects in literature (Boyd et al., 1930)
14, A = TW0-58684 x H0:3008 3 377-82 31 Indian subjects (Sen, 1960, 1967)
15, A = W0:5107 x H0-2957 x 38171 31 Indian subjects (Sen, 1960, 1967)

'
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The surface area of the body of 15 Indian adult males actually
measured by a combination of different methods was on the average 3:66
per cent higher than the surface area calculated from the weight-height
formula of DuBois and Du Bois (1916). The nude body weights of the
subjects varied from 36-51 kg to 66:79 kg and the height varied from 151-9 cm
to 1781 em. A formula, 4 = W42 H% 725X 7466, was suggested for the
determination of the surface area of the body of Indian adult males. Sen
(1954) also measured the surface area by the linear formula of Du Bois and
Du Bois (1916) and found that the linear formula was not very useful for
estimating the surface areas of different parts of the body in case of Indian
adult males. Different constants for the linear formulae for different parts
of the body obtained from the actual measurements of the body were also
suggested (Sen, 1954; Banerjee and Sen, 1955; Sen, 1960).

Faber and Melcher (1921) using the linear standards suggested that for
infants a constant of 78-50 be used for the weight-height formula.

The work of Boyd (1935) and Klein and Scammon ( 1930) are, perhaps, the
best on small children. Taking these as a basis and adding the series of 135
measurements (mostly composed of small children) that are found in the
literature they determined the mean relative deviations of various formulae
(Boyd et al., 1930). The weight-height formula of Du Bois and Du Bois (1916)
showed a mean relative deviation of 7-30 per cent for the whole series. Using
76-40 as the constant the results were a little better.

The weight-height formula of Du Bois and Du Bois (1916) gave results
which were on the average 8:10 per cent lower in the case of Indian adult
females and 6-10 per cent lower in the case of Indian children. The percentage
error varied between —1-80 to —12-00 in the case of adult females and it
varied between —2:40 to —11-90 in the case of children. The corrected
constants in the new weight-height formula were 74-66, 7828, 76-61 in the
case of adult males, females and children, respectively.

The low results obtained with the weight-height formula of Du Bois and
Du Bois (1916) may be explained by the fact that the average Indian subjects,
especially the Bengali, are more slim than the Americans. The weight-height
formula of Du Bois and Du Bois (1916) gives usually low results with emaciated
subjects, i.e., the corrected constant becomes generally higher in the emaciated
subjects and also in the children.

The higher value of the constant in the case of Indian adult females
than in the case of Indian adult males seems to be due to the lower average
height in proportion to the weight of the body in the former than in the latter.

@ 11-20
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It may also be due to the adaptation of the body of the females in the tropics
to provide for more surface for evaporation needed to help heat dissipation
which is hindered by the greater proportion of fat present in the body of
adult females than in that of adult males. It is interesting to note that in
most of the subjects the correct constants were higher in those having greater
percentage of body fat. Van Gran and Wyndham (1964) also observed that
the weight-height formula of Du Bois and Du Bois (1916) underestimates the
true surface area in the case of their subjects in hot climates, which observation
is similar to ours.

So far, we were considering the constant in the weight-height formula
of Du Bois and Du Bois (1916) with the assumption that the exponents of
weight and height were the same as found by Du Bois and Du Bois (1916).
In order to obtain the best possible values of the exponents and also the best
fitted constant in the formula the least square method was used with the
condition, 3a+pf = 2, so that the expression, 4 = Wex HfxC, remained
bidimensional. The higher power of weight in the formula obtained in con-
trast to that obtained by Du Bois and Du Bois (1916) suggested that the
amount of change in the surface area of Indians for unit change in weight is
higher than that for the unit change in height.

The reason why a consideration of the height did not improve the
calculations based on weight became apparent when the circumference
of the body at various levels was considered. For instance, an increase of
length above the knee would result in a greater increase of surface area than
the same amount of increase of length below the knee. It was due to the
fact that the average circumference of the thigh is greater than that of the
legs. Again, variations in length and circumference of arms and hands would
not affect the height at all. As the body weight was given less importance in
the weight-height formula of Du Bois and Du Bois (1916) small variations
in weight were thought to be of little significance to surface area. Stevenson
(1928) also found in 10 Chinese subjects an increase in the constants for the
upper extremities and a decrease in the constant for the trunk in the linear
formulae.

Our observation conforms with the Climatic Rules of Bergmann and
Allen. According to these rules there is a tendency of reduction in
the surface area relative to weight in cold climates. Thus, many animals
in the arctic region tend towards large globular wooly balls with the least
possible area of the extremities such as ears, tails, snouts and legs. On the
other hand in the tropics or under conditions of high temperature the animals
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tend towards smaller skinny forms with enlargement of the peripheral parts
or extremities; thus, they usually have long legs, snouts, ears and tails. The
surface area of Indian cows was found to be about 12 per cent greater than
that of the European cows (Kibler and Brody, 1950).

It is very likely that the body form of people in the tropics would follow
the same rules as in the case of animals. The main sources of the body’s
heat are the muscular tissues (particularly of the extremities) and the liver
wherein numerous chemical reactions are carried out. Therefore, with an
increase in the length of the extremities and decrease in the length or breadth
of the trunk (small chest size) causing decrease in the body weight (including
the weight of liver, cell solids—Banerjee and Sen, 1958) the surface area
relative to weight of the body is increased in order to provide greater surface
for evaporation in tropical climate to maintain the body temperature,
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Chapter 37

RELATIONSHIP BETWEEN SEGMENTAL
AND WHOLE BODY WEIGHTS OF SOME
INDIAN SUBJECTS*

R. N. SEN, G. G. Ray, anp P. K. Nac

Abstract

Information regarding relationships between segmental and whole body
weights, volumes, and centers of mass is important in biomechanics, sports,
and industrial technology. For the present report, five Indian adult male
cadavers were weighed by a servoindicator. The whole body was dissected
into fourteen segments, severing each of the primary joints across its
approximate center of rotation and weighing the resultant segment on a
baby-weighing platform balance. The segmental volume (water displacement
technique) and the center of mass (plumb-line technique) were also
determined. The relative weight of the limbs (total arm 4.3 percent and total
leg 12.9 percent of body weight) were much lower in Indians than values
reported for Western and Japanese subjects. On the other hand, the relative
weight of the trunk (58.2 percent) was much higher in Indian cadavers. The
segmental volumes of the trunk and the limbs represent 59.4 and 32.4
percent of the total body volume respectively. The center of mass of the
upper arm and of the thigh both lie some 48.9 percent of the total segmental
length from the proximal end of the part. Simple regression equations are
derived for the prediction of segmental weights; these may be used at least
until further cadavers have been studied.

INDlAN PEOPLE DIFFER from Westerners with respect to body
weight, body height and other dimensions, body surface area,

*The authors acknowledge their gratitude to the staff of the Calcutta Corporation,
Calcutta, for facilities provided at Mysore Crematorium. Thanks are aiso due to Dr. D.
Chakroborti for his assistance and to the Indian Council of Medical Research for partial
financial support.
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basal metabolic rate, physical fitness, efficiency, and working
capacity. Predictions of weight, volume, and center of mass for
individual body segments are useful when analyzing
biomechanical aspects of both sports and other activities
including industrial work. However, no information on such
variables has yet been reported for the Indian population. The
present report thus describes a direct determination of
segmental body composition in Indian cadavers. Comparative
data for Western populations have been reported by Borelli,?
the Weber brothers,'? Harless,® Braune and Fischer?
Dempster,> Williams and Lissner,’® and Clauser et al.,* while
information on the Japanese population has been presented by
Mori and Yamamoto!® and Fujikawa.®

Methods

Five unclaimed Indian adult male cadavers were selected for
the present study, which was made during the cooler months of
January and February. The selection of the cadavers was based
on such considerations as the date of death, nutritional status,
and the absence of wasting or debilitating disease. The sample
was with one exception somewhat undernourished, and bodies
had been preserved for approximately twenty-four hours in the
hospital morgue. ‘

After selection, the cadavers were placed inside a polythene
bag, to avoid collection or evaporation of moisture. The
experimental procedures were undertaken during the night,
when the average room temperature was about 22°C. Each

) body was cleaned and swabbed with a solution containing equal

proportions of phenol, glycerine, and water. The whole body
weight was recorded with the help of a sensitive (x 0.05 kg)
servoindicator calibrated by standard weights. Dissection of the
various body segments used a method similar to that of Braune
and Fischer® and Dempster.® Parts were severed at each of the
primary joints, about the approximate center of rotation.
Localized freezing during dissection was unfortunately imprac-
ticable. The joints severed were as follows:

Hip JoInT: The leg was abducted by about 30°. The plane of
segmentation passed across the groin from the lower level of
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the iliac crest along the external shaft of the ilium, cutting the
rim of the acetabulum across the ball and socket joint to sever
the ischial tuberosity.

KNee JoinT: The knee joint was bissected in an extended
position. The plane of separation began near the lower part of
the patella and bissected the maximum protrusion of the
medial and lateral epicondyles of the femur. The patella was
included with the lower leg.

ANKLE JoInT: The feet were plantar extended. The line of
cutting began at the anterior superior edge of the neck of the
talus and passed across the superior edge of the calcaneum.

SHOULDER JoInT: The shaft of the humerus was rotated
laterally by about 15° to ensure that the cut passed from the tip
of the acromion to the anatomical neck of the humerus and into
the axilla without touching the shaft of the humerus or the
medial surface of the upper arm.

ELBow JOINT: Separation was begun by bissecting the
olecranon process, crossing the greatest projection of the
medial epicondyles of the humerus to end at the skin crease on
the superior aspect of the elbow.

Wrist JoinT: The line of severance passed through the
palpable groove between the lunate and capitate bones,
bissecting the volar surface of the pisiform to end at the wrist
crease.

Neck Joint: The trunk was beheaded along the neck-chin
intersection, commencing just above the hyoid bone and
proceeding between the second and third cervical vertebrae.

In total, the body was thus dissected into fourteen segments.
As soon as each segment had been detached from the body it
was weighed on a calibrated baby-weighing platform balance.
The beheaded trunk was reweighed with the servoindicator.

The center of mass of each limb segment was obtained by the
plumb-line technique,* while volumes were determined by
water displacement.

Results and Discussion

The cadavers included in the present study were of lower
economic status. With one exception they were suffering from
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undernutrition. Their average age was 49 years. The average
body weight was 37.3 kg, much lower than the fiftieth
percentile value (45.9 kg)'! for the Indian population.

The total arm and the total leg (including the thigh)
represented an average of'4.3 and 12.9 percent of body weight
respectively (Table 37-I). The weights of both limbs were
relatively lower in Indian cadavers than in Westerners, a
possible advantage in rapid unloaded movements in sports or
assembly work. In consequence, the trunk (58.2 percent of
body weight) was relatively heavier than in Western and

0 .)japanese studies. The relative values for individual limb
Fsegments (forearm, palm, total right leg and lower leg) are
similar to those found in Japanese cadavers.'® The relative
weight of the head was similar to the values reported by
Fujikawa® and Fischer.” The weight of the right arm of the
Indians was greater than that of the left, but the weights of both

legs were almost equal.

" The sum of percentages for all segments was 94.4 percent,
rather than 100 percent, the discrepancy reflecting loss of fluid
and tissue during segmentation. The weight of the fluid and
tissue collected during segmentation was thus added to the
segmental weights in equal proportions to give the corrected
values of Table 37-1. Dempster®. and Clauser et-al.* noted 6.4
and 1.4 percent loss of body weight respectively during
dissection. The smaller losses of Clauser et al. were possibly due
to use of the dry ice localized cooling technique.

The mean total body volume was 33.86 liters (Table 37-11).
The volume of the trunk was 20.07 liters (59.39 percent of body

. )volume), while that of the limbs (total arm and total leg,
including thigh) represented only 32.4 percent of the body
volume. Relative to Western studies,® the percentile distribu-
tion of most segmental volumes except the hands and feet were
lower for the Indians.

Segmental centers of mass (right upper arm, forearm, thigh,
and calf) could be determined in only two cadavers (Table
37-111). Centers for the upper arm and thigh both lay at some
48.9 percent of the total length from the proximal end of the
segment, much as reported by Dempster.?

Simple linear regression equations for the prediction of
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TABLE 37-1
AVERAGE WEIGHTS OF BODY SEGMENTS EXPRESSED AS PERCENTAGES OF TOTAL BODY WEIGHT.
Sen, Ray, Clauser Mori and Braune and
Cadaver and Nag et al. Fujikawa Yamamoto Dempster Fischer Fischer Harless
(1976) (1969) (1963) (1959) (1955) (1906) (1889) (1860)
Sample Size (n) 5 13 6 6 8 1 3 2
Segments:
Head 9.0 7.3 8.2 11.7 7.1 8.8 6.9 7.6
Trunk 58.2 50.7 53.6 53.5 45.4 45.2 46.1 44.2
Total Right Arm 43 4.9 4.8 4.7 49 5.4 6.3 5.8
Upper arm 2.1 2.6 2.6 2.7 2.7 2.8 33 3.2
Forearm & Palm 2.2 23 2.2 2.0 2.2 2.5 3.0 2.6
Forearm 1.4 1.6 1.4 1.3 1.6 — 2.1 1.8
Palm 0.8 0.7 0.8 0.6 0.6 - 0.9 0.8
Total Left Arm 3.9 4.9 4.6 4.6 4.8 5.6 6.1 5.4
Total Right Leg including :
Thigh . 12.2 16.1 14.4 12.6 15.7 17.8 17.3 18.5
Thigh 6.8 10.3 94 72 9.6 11.0 10.7 11.9
Leg and Foot 54 5.8 5.0 5.1 6.0 6.8 6.5 6.5
Leg 3.5 4.3 33 3.5 4.5 4.7 4.8 4.6
Foot 1.9 1.5 1.7 1.6 1.4 2.1 L7 1.9
Total Left Leg including
Thigh 12.2 16.1 14.5 12.6 15.7 17.3 17.3 19.3
Total 100.0 100.0 100.1 9.7 93.6 100.1 100.0 100.8
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TABLE 37-11
AVERAGE SEGMENTAL VOLUMES, EXPRESSED AS PERCENTAGES OF
WHOLE BODY VOLUME.

Sep et al. (1976) Drillis and Contini (1966)

Segments n=35 . n=]2

Mean % of TB Mean % of TB
(L) (1)

Total Body (TB) 33.855 100.00 — 100.00
Head 2.775 8.226 —_ —_
Neck & Trunk 20.071 59.395 — —_
Total Arm 2.933 8.630 3.971 5.730
Upper Arm 0.731* 2.158* 2412 3.495
Forearm & Hand 0.763* 2.255% — —
Forearm 0.489* 1.455* 1.175 1.702
Hand 0.271* 0.800* 0.384 0.566
Total Leg 8.078 23.810 10.091 14.620
Thigh 2.133* 6.299* 6.378 9.241
Calf & Foot 1.861* 5.496* — —_
Calf 1.173* 3.464* 2.818 4.083
Foot 0.688* 2.023+* 0.895 1.297

*Values for right side of the body only.

TABLE 37-111
RATIO OF CENTER OF MASS OF SEGMENT LENGTH.

Braune
This Study  Clauser and
Source Sen et al. etal Dempster  Fischer  Fischer  Harless
1976 1969 - 1955 1889 1889 1860
Total Body 41.2% 41.4%
Head 46.6 43.3% 36.2%
Trunk 38.0* 44.8
Total Arm 41.3 44.6%
Upper Arm 48.9% 51.3 43.6 45.0 47.0
Forearm & Hand 62.6* 67.7* 46.2 47.2
Forearm 4.0 39.0 43.0 42.1 42.0
Hand 18.0* 49.4 39.7
Total Leg 38.2+ 43.3 41.2
Thigh 48.9 37.2+ 43.3 43.6 44.0 48.9
Calf & Foot 47.5 43.7 53.7 52.4
Calf 423 37.1 43.3 43.3 42.0 43.3
Foot 44.9 42.9 44.4 44.4

*These values are not directly comparable due to variations in the definition of
segment length used by the different investigators.
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Physical Fitness Assessment
TABLE 37-1V

REGRESSION EQUATIONS FOR PREDICTING SEGMENTAL WEIGHTS (Kg)

FROM WHOLE BODY WEIGHT (INDIAN SUBJECTS)

Weight of Head =0.04 x Body Wt. + 147 = 0.22*
Weight of Trunk = 0.63 x Body Wi — 2.88 = 0.54
Weight of Total Right Arm = 0.06 x Body Wt. — 0.67 = 0.15
Weight of Right Upper Arm = 0.03 x Body Wt. — 0.48 = 0.06
Weight of Right Forearm = 0.03 x Body Wt — 043 = 0.06
Weight of Right Palm = 0.02 x Body Wr. — 0.26 = 0.05
Weight of Total Left Arm = 0.05 x Body Wt — 0.31 = 0.11
Weight of Total Right

Leg Including Thigh =0.14 x Body Wu. - 1.0 = 0.23
Weight of Right Thigh =0.09 x Body Wt. — 1.0 = 0.21
Weight of Right Calf =0.03 x Body Wt. 0.0 = 0.06
Weight of Right Foot =0.02 x Body Wt. — 0.01 = 0.09

Weight of Total Left
Leg including Thigh =0.14 x Body Wt. — 0.67 = 0.20

*Standard Error of Estimate.

~

segmental weights from the whole body weight are given in
Table 37-1V. The total number of cadavers studied was very
small, as in other studies,! 4 but the equations developed may
be useful at least for the people of eastern India until a larger
sample has been studied.

References

. Barter, J. T.: Estimation of the mass of body segments. Wright Air

Development Center, Report TR-57-260. Dayton, Ohio, Wright Patterson
Air Force Base, 1957.
Borelli, G. A.: De motu Animalium lugduni Betavorum. 1680-1681.
Broune, W. and Fischer, O.: The Center of Gravity of the Human Body as
Related to German Infantrymen. Leipzig, 1889.

. Clauser, C. E., McConville, J. T., and Young, J. W.: Weight, volume and

center of mass of segments of the human body. Wright Air Development
Center, Report AMRL-TR-69-70. Dayton, Ohio, Wright Patterson Air
Force Base, 1969. '

. Dempster, W. T.: Space requirements of the seated operator. Wright Air

Development Center, Report TR-55-159. Dayton, Ohio, Wright Patterson
Air Force Base, 1955.



10.

1L
12

13.

Relationship Between Segmental and Body Weights 391

Drillis, R. and Contini, R.: Body Segment Parameters. Washington, D.C.
U.S. Office of Vocational Rehabilitation, Dept. of Health, Education
and Welfare, Rep. 1166-03, 1966.

Fischer, O.: Theoretical F undamentals for the Mechanics of Living Bodies with
Special Applicalions'lo Man as Well as to Some Processes of Motion in
Machines. Berlin, B. G. Teubner, 1906.

Fujikawa, K.: The center of gravity in the parts of the human body.
Okajimos Folia Anat Jap, 39(3):1 17-123, 1963.

. Harless, E.: The static moments of the component masses of the human

body. Trans of Math Phys Royal Bavarian-Academy of Sci, 8(1, 2):69-96,
257-294, Unpublished English Translation, Wright Patterson Air
Force Base, Ohio, 1860.

Mori, M. and Yamamoto, T. Die Massenanteile der einzelnen
Kérperabschnitte der Japaner. Acta Anat, 37(4):385-388, 1959.

Nag, P. K.: Thesis submitted for Ph.D. degree, Calcutta University, 1976.

Weber, W. and Weber, E. Mechnik der menschlichen Gehwerkzeuge.
Géttingen, 1856.

Williams, M. and Lissner, H. R.: Biomechanics of Human Motion.
Philadelphia, Saunders & Co., 1962.



Se :
n &M) GANGUL! LR oY ¢.6. DE A
) ) Cr PR Barr| P.
: <1.0)8\)

Ek—a’m\&mlu;(_ ’Va"(a “/f Cta Qo?j/‘ﬁkcg_wa 57“‘”\(“"". ey GL\.LR:(:Q
aﬁ“ nelielion ol W@M£m

MPPLiEO ER GoNoiqics 12 0 R385

—

-

gkt D’__W*O_:‘— AW/L&:TM
bDMM/ N Bz Aot CAAR o T %J@w o
6,01(&( s MJ:LL\ o"T/ % ou-d/’(&&&v« Mo\\o/dl o /)'éca,\,-—(

(,N/\LLM T wtaé)u@ Py v (:é:'-—\ %& A f/fu&b-b; 7)65/1/

w;vy«-/-{ﬁ ‘Ll/v—-au—k/)

(—"
0T AT gl Ao

34,«2(



et e i et St e A A g b

Applied Ergonomics 1981, 12.2, 83-85

Ergonomics study of tea-leaf plucking
operations: Criteria for selection

and categorisation

R.N. Sen, A.K. Ganguli, G.G. Ray, A. De and D. Chakrabarti.
Ergonomics Laboratory, Department of Physiology, University Colleges of Science, Technology &

Agriculture, Calcutta

This paper describes a new method for the categorisation of female tea-leaf pluckers
on the basis of quantity and quality of production, skill and efficiency. Subjects
participating in a study on the ergonomics of tea-leaf plucking operations were so
categorised, and the results have been compared with the existing groupings followed
by the Tea-estate authorities. Such a method could facilitate predictive selection of
pluckers, selection for training, and formation of groups in future studies.

A study of tea-plucking operations was proposed by the
Tea Research Association, Assam, India, with a view to
gathering information about the physiological status of the
female pluckers and the ergonomics aspects of the plucking
operation (Sen er al, 1979). Subjects were chosen from the
volunteers among the normal female employees of the
tea estate. Sub-groups were formed within the experimental
group on the basis of records of average daily output supplied
by the Tea-estate authorities. The sub-groups were designated
‘fast’, ‘average’ and ‘slow’ plucker categories. However,
examination of the data furnished revealed that the
boundaries of all the groups so formed overlap. Furthermore,
while collating the data collected it was seen that some of the
subjects exhibited characteristics similar to those of other
groups and hence obviously did not belong to the groups to
which they had been assigned. In the light of these
considerations, an attempt was made to formulate a new
system of categorisation.

Methods

In the course of the study, oxygen consumption during

’ plucking operations was measured by Beckmann portable

oxygen analyser (cross-checked in a few cases by collection
of expired air over mercury in modified Bailey’s bottles
and subsequent analysis in 2 Scholander’s apparatus.)
Pulmonary ventilation (inspired air volume) was measured
by a Wright’s respirometer. Energy expenditure was
calculated from the above according to the method of
Consolazio et al (1963).

In addition to the gross energy costs so obtained, a
Productivity linked value (energy expended to pluck
each shoot) was calculated from the gross energy costs
and the number of shoots plucked (described below).
This indicated the efficiency of each worker.

. Time and motion studies were conducted simuitaneously
In order to establish different parameters and ratios as
follows:

(1) Average number of shoots plucked: Since the number
°f shoots plucked in each cycle is not constant, the cycle
time (Observed Time) cannot give a clear picture of the

productivity of each subject. Hence, the average number
of shoots plucked per minute was calculated from
physical counts of the shoots plucked in a given time.

(2) Average weight of shoots plucked: This is the
quotient of the weight of the shoots upon the number of
shoots, and is influenced by the quantity of undesired
vegetation plucked along with the required ‘two leaves
and a bud’ in each shoot and thereby indicates the quality
of the work performed.

(3) Number of hand movements: The number of
movements of the left and right hands was measured by
tally counters against time. Combined, these values gave
the Total numbers of hand movements.

(4) Ratio of number of shoots plucked to number of hand
movements: This ratio was obtained from the physical count
of the number of shoots plucked and the count of the total
numbers of hand movements (described above). This ratio
offers an insight into the number of shoots plucked in

a single grasp-disassemble movement and the number of
wasteful movements made.

Results and discussion

The energy expenditure, time study and productivity
of the female tea-pluckers are presented in Table 1.




Table 1: Energy expenditure, time study and productivity of female tea-pluckers

. Number of

Average Totai shoots Energy
Energy  number of number of Average  plucked/ expended
expendi- shoots hand weight  number of to pluck
Subject ture plucked movements per shoot hand one shoot
number (kJ/min) per min  per min {g) movements (J/shoot)
4 18-29 114-7 142-0 1-19 0-81 1595 -
7 13-98 128-4 118-8 0:75 1-08 108-9
8 12-10 104-9 99-1 0-94 1-06 115-3
S 13-81 100-2 101-1 1-06 0-99 137-8
; 10 7-70 776 86-7 1-06 0-90 99-2
11 13-86 1235 1331 1-79 0-93 112-2
12 11-85 131-8 84-1 1-06 1-57 89-9
13 8-20 925 104-1 0-69 0-89 88-7
15 25-87 1893 1721 0-98 1-10 136-7
16 9-96 66-1 108-8 1-24 0-61 150-7
As a preliminary basis for categorisation, four parameters (3) ratio of shoots plucked to hand movements, and

were chosen from those recorded during the study. These
were:

(0] average number of shoots plucked
(2)  average weight of shoots plucked

Table 2: Criteria for categorisation of female tea-pluckers

(4) energy expended to pluck each shoot,

being indicative of the quantity of production, quality of
production, degree of skill, and efficiency (respectively).

The heart-rate response was not selected since it is a very

sensitive parameter and might give misleading values

in the case of the small sample groups and because it was

Ratio of
Average  Average shoots Energy
number weight plucked expended
of shoots per to number to pluck Points
plucked shoot of hand one shoot  scored

not possible to allow for psychological and thermal «ffects.
Demarcation lines were set up for each of these four
parameters.

The criteria for categorisation of female tea-pluckers
are presented in Table 2.

per min (g} movements (J/shoot) Each subject was classified according to these parameters,
and accordingly rated on the three-point scale. The total
140 <10 1-0 < 150 of the points obtained by each subject was then used to make
75-140 1:0-115 0-7-1-0 150-200 2 the final categorls?txon, as follows:
<75 1-15 <07 200 Category ‘A’ : 11 points and above
Category ‘B’ 10 points
Table 3: Categorisation of female tea-pluckers
Points scored from
Ratio of
Average no Average shoots Energy
Subject of shoots weight plucked to  expended Total Suggested Existing
number per min per shoot movements per shoot points categorisation categorisation
7 2 3 3 3 11 A Fast
8 2 3 3 3 1 A Fast
15 3 3 3 3 12 A Fast
12 2 2 3 3 10 B Slow
13 2 3 2 3 10 B Slow
9 2 2 2 3 9 C Average
10 2 2 2 3 9 (o Slow
4 2 1 2 2 7 D Average
1 2 1 2 3 8 D Slow
16 1 1 1 2 5 D Average




Category 'C’
Category ‘D’

9 points
8 points and below.

The final categorisation of the female tea-pluckers is shown
in Table 3.

Group ‘A’ tallies with the existing ‘fast’ category, and
may be described as such. Groups ‘C’ and ‘D’ may be
termed ‘average’ and ‘slow’ categories respectively, and
are, in fact, seen to contain a mixture of those originally
called ‘average’ and ‘slow’ pluckers. Group ‘B’, however,
is comprised of so-called ‘slow’ pluckers who had some
characteristics that equalled or exceeded those of the
‘fast’ group. On enquiry, it was found that both were
newly recruited workers and therefore had low rates of
daily output (and were hence categorised by the authorities
as ‘slow’ pluckers). Group ‘B’ may therefore be said to
describe a ‘trainee’ category; that is, one that would benefit
immensely from training.

Conclusions

The utility of the new system of categorisation is to be
found in the selection of workers. The parameters described
above could help tea-garden authorities to decide which
‘temporary’ workers could be given ‘permanent’ status
(ie — be confirmed in the jobs, with eligibility to
allowances and other benefits). Secondly, this categorisation
would help to select workers for training. The ‘B’ group

identified above would be the ones on which to invest
training profitably and who would show maximal
improvements thereafter. Finally, to follow this
categorisation would be a valid method for the formation
of groups (eg, ‘fast’, ‘average’, ‘slow’) during future studies.
If the groups themselves are incorrectly formed, it becomes
extremely difficult, if not impossible, to identify the
characteristic features of different types of pluckers.
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Ergonomics In Relation To Occupational Safety And
Health In Jute Industries In Eastern India.

sUMMARY
One thousand accident reports of three Jute
mills of West Bengal were analysed to find our
the distribution of accidents in the different sec-
tions of jute mills. The distribution of accidents
by source types in each of the weaving, spinning
and winding sections, the break up distribution
of Injuries according to the different bod ly parts
Involved in the weavingy spinning, and winding
wctlons and the hourly distribution of accidents
in the above mentioned sections of three Jute
mills were done. It was found that one third
(35.9%) and about one sixth (17.5%) of the total
eccidents occured in the weaving and spinning
wctlons respectively. It was also clear thar abour
one fifth (21.73%) of the injuries in the weaving
wctlon were caused by handknives which the
weavers used for cutting the excess thread after
Anotting the broken weft/wrap threads bur in
We spinning section contact of hand of the spin-
ners with the rotating flyer during piecing opera-
Hon contributes about one third (36.5 7%) of the
total injuries in the spinning section and about
ene fourth (25.25%) of the total injuries in the
winding section, by striking against moving or
Axed machine parts in the cop winding section.
In the above three said sections, the
miscellaneous accidents have been titled ‘others’
bv the ‘table, which also contributes a large
foure. It is also revealed thar the 1otal
ﬂnxrr/hand/forearm injuries (62.67%) in the
mvlng/spinning/ winding sections were more
Ponounced, contributing three fifths of the
toial injuries. The weaving section with its high
accldent rate (35.9%) contributes to more than
(56.37%) of the total bodily injuries occur-
In the three sections mentioned. It is con-
¢eluded thay effective safety measures should be
teken (0 improve the working methods, safe
desien of tools, job training of workers, safety
owledge of “workers, and to make the
workers more aware of the most hazardous
z;”"" of the work, and increase Jjob supervi-

aponomic Laboratory, Department of Physiology,

“"';mly Colleges of Science and Technology
~ Road, Calcytrq - 700 009, India.

Sen R.N.*
and Majumdar D*

INTRODUCTION

Jute, as a crop of major economic importance
in the world, is unique in many ways. The jute
industry is the oldest and probably the very first
of the organised industries in India that was set
up during the last quarter of the 19th century.
As a major foreign exchange earner it occupies
an important and distinct place in the country’s
economy. There are sixty nine jute mills in the
country of which sixty two are located in West
Bengal. A large number of labourers are engag-
ed in jute industries.

Most of the jute industries in India are at pre-
sent being run in a very precarious and hazar-
dous condition. The accident rate in this in-
dustry is the highest in the country involving
huge loss of man-days, practically paralysing
this industry and thereby affecting the country’s
economy to a great extent.

In a preliminary study it was found that the
average accident frequency rate per million man-
hours worked in the jute industry rose up to
about 219% over a period of six years
(1966-1977), whereas the rise in the average acci-
dent frequency rate of all other industries was by
about 46% only (Banerjee & Chhabra, 1976). In
the year 1979, the jute industry contributed
about 54.54% of the total industrial accidents.
But till now practically no work has been done
regarding the different human factor problems,
reduction of accidents, enhancing safety and im-
proving occupational health and welfare of the
workers in the jute industries.

It is most suprising that in all the sixty nine
jute mills there are no separate accident preven-
tion or safety units in the factories or even any
qualified safety officer. There are no training
programmes for the workers, supervisors or
management staff in the factories, except the use
of a few old safety posters and slogans on the
walls of the factory sheds. Almost all the injuries
are treated by the general E.S.I. (Employees
State Insurance) Doctors outside the factory
area or by the Doctor of the Health Service Unit
employed by the factory itself, though such fac-
tories are very few in number (a few Govt.
undertakings).
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This paper presents a preliminary approach to
find out the causes and distribution of different
types of accidents in the different sections of jute
mills. In addition, the different body parts in-
volved in injuries and the hourly distribution of
accidents in the weaving, spinning and winding
sections of three jute mills in West Bengal are
analysed and some recommendations, based on
ergonomics principles are made.

Three sections are the sites of maximum oc-
curances of accidents in jute mills, and the knife
of the weavers and rotating flyer of the spining
machines are the main agents of most of the ‘cut
and laceration’ type of injuries.

METHODS AND MATERIALS

One thousand accident reports submitted by
the three jute mills (total employment strength
of 12,600) to the Factory Inspectorate, govern-
ment of West Bengal in the year 1980-81 were
analysed.

The accident data were analysed according
to:.—
1. the different sections.
2. thetime of day
3. the incidents of accidents regarding

types/sources
4. thedifferent body parts involved.
SHIFTS

The arrangement of shifts in the jute industry
is very peculiar. The morning shift or ‘A’ shift
starts at 0600 hrs and ends at 1100 hrs for the
first phase with a short break of 10-15 minutes
for tea and snacks at 0700 hrs; the second phase
of the shift starts at 1400 hrs and continues until
1700 hrs There is another break of 30 mins in
this phase from 1500 hrs to 1530 hrs.

The ‘back’ or ‘day’ shift starts at 1100 hrs and
continues up to 1400 hrs. This shift again starts
after a break of three hours at 1700 hrs and con-
tinues until 2200 hrs, with a break for 15 mins at
1830 hrs.

The night or ‘C’ shift starts at 2200 hrs and
continues up to 0600 hrs of the next day. There is
15 minutes tea break at 0300 hrs. The shifts are
of a fortnight duration and rotate clockwise
fromAtoB,BtoCandCto A.

This type of staggering arrangement in the
morning and day shifts are devised possibly to
reduce the thermal load on the workers in the
later morning and early afternoon hours.
Moreover the residences of the workers are very
near to the factory premises, so one can go home
and rest, during the 3 hr. break between his
shift. But with the increase in labour strength,
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the companies cannot provide residentjy)
facilities for all and the workers have to waj
within the factory premises or outside becayge
there are no separate rest rooms for them,

This arrangement of shifts may be one of the
causes of the high rate of accidents in thig in.
dustry, which has to be evaluated in order 1
show the impact of shift arrangements on acei-
dent rates.

ACCIDENT REPORT FORMS

The accident report forms, as used by all the
jute mills of West Bengal for reporting accidents
to the factory Inspectorate are not designed 1o
elicit critical information of ergonomic
significance. The report includes such genera|
facts as the name of the worker, age, place of ac-
cident, body parts involved, type of injury, time
of the shift, etc. In some cases the Teports are in-
complete. It seems that the accident report
describes more about the effects rather than the
causes of an accident. Moreover the
maintenance of the accident report register is not
good in most of the jute mills so far studied, and
some of the jute mills are reluctant to give the ac-
cident report forms of analysis.

MANUFACTURING PROCESS

The jute manufacturing process in short, in-
volves a series of sequential operations, namely,
batching, carding, drawing, spinning, winding,
beaming, weaving, cropping, calendering, lapp-
ing and sewing.

The hazardous and accident prone situations
in these operations are the following:—

Batching section

a) The big root cutting knife without any safe-
ty guard.

b) Getting trapped in between flutted roller
and cloth roller of the softening machine.

Preparing section

a) The cleaning of the jam of the small but
pointed and sharp moving knife and the
moving iron combs of the carding machin;.

b) The packing weight hammer of the drawing
machines.

Spinning section
a) Contact with the adjacent moving flyer &
bobbins.

Winding section
a) Contact in between traverse rod_ %ﬂd
spindles during doffing in the cop winding

machine.
) Getting t’
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machine.
b) Getting trapped in between spool and scroll.

Beaming section

2) Loading/unloading of beams.

p) Hands caught in the in-running nip of the
rollers in the beaming machines.

Weaving section

2) Hand knife during cutting loose warp/weft
ends.

p) Flying shuttle, sley, front rail, picking arm,
etc.

4. The insufficient space in between rotating

flyers of the spinning machine.

5. Bad working methods.

6. Lack of maintenance of the weaving and
spinning machines and machine parts (the
machines are about seventy five to a hun-
dred years old).

. Insufficient working space.

. Lack of sufficient supervision.

. The man-machine incompatability (All the
weaving and spinning machines were design-
ed in European countries).

10. The increased number of untrained, unskill-

\O 00 ~}

not designed to ¢) Loading/unloading beam/cloth roll. ed casual workers.
of ergonomic . . 11. The preponderence of hazardous portions in
Finishing section the work.

fes such general

age, place of ac-
se of injury, time
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accident report
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Moreover the
yort register is not
o far studied, and

3) The piercing of fingers by rotating needle
between pressure plate and chain of the over
head sewing machines.

RESULTS AND DISCUSSIONS
Accidents in the different sections of the jute
mills.

Table I shows the percentage of accidents (n
= 1000) in the different sections of the three jute

12. The workers intentionally getting minor in-
juries in order to avail themselves of the
E.S.I. facilities, one or two days before the
termination of their temporary job,
especially in the case of casual workers.

13. Fatigue of workers, either physical or
psychological in nature.

14. Unhealthy working environment.

15. The typical arrangement of shifts.

T

: /.
ant to give theac mills, in‘West Bengal. It has bpen observed that 16. The intra-union rivalry (there are about r\
the maximum number of accidents, about one seven to eight different unions in each jute r

'SS third of the total, (35.9%) occured in the weav- mill).

scess in short, in-
serations, namely,
pinning, winding,
calendering, lapp

1t prone situations
owing:—

ing section, following by  spinning,
miscellaneous, finishing and winding sections.
This unusually high rate of accidents in the
weaving and spinning sections are thought to be
due to:

1. The increased thermal and work loads.

2. The lack of training of the workers.

3. The use of unergonomically designed knife

by weavers.

17. Bad management-labour relations.

Hourly distribution of Accidents

Figure 1 gives the number of accidents occurr-
ing in each hour time slot of the day, over two
years. It has also been found that the daily pat-
tern is very consistent from year to year.

It is clear from the figure that in the weaving
section most accidents occur in between 1100 hrs

l E{"-_-:-_“-v:_-’-g—\*ﬁ~. ANt

ithout any safe
e R Table 1
veen flutted rolle ¥

“tening machine. Percentage of Accidents (N =1000) in the different sections of

three Jute Mills in West Bengal, India.

———

m of the smal g Sections

wing knife and‘!ht t __Batching [ Preparing | Spinning | Winding | Beaming |Weaving | Finishing Miscellaneous
~e carding machint F — 45 7.3 17.5 9.9 2.2 35.9 10.5 12.2
nmer of the drawil 3

_ Batching = Root cutting, selection and softening and spreading by machine.
E gf?Da_Ting = Breaker and finisher carding and drawing.
. tE pinning = Spinning of the yarn.
cent moving ft ¢ Winding = Spool winding and cop winding by machine.
Beaming = Prebeaming and beaming.
: We_aving = Hessian & sack weaving, narrow and broad loom.
traverse rod ‘d 3 Finishing = Cloth mending, inspection, calendering, lapping, sewing, etc.

ig in the cop windt Miscellaneous = Workshop, godown, canteen, etc.
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Figure 1. Hourly distribution of perceniage of accidents in
the weaving, spinning and winding sections of three jute
Jactories in West Bengal, Indiq. (n = 1000)
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1o 1300 hrs and between 1400 to 1600 hrs. This speed, the work pressure of the group intensifies
correlates well with observations in other in- {Adams et. at, 1981). We thought that the sharp
dustries that most accidents occur after mid peak of accidents in the spinning section which
morning (Powell et. al, 1971). occurs at the end of night shift in between 0500
DING It may also be that the first peak of accidents to 0600 hrs and the second peak of accidents in
in the weaving section and the second peak of ac- the winding section in between 2100 to 2200 hrs
cidents in the spinning section in between 1100 i.e. at the end of ‘B’ shift, appear to be mainly
] hrs to 1200 hrs are due to increased thermal the effect of target setting by the operator as
: qress during the mid-day. The maximum Cor- proposed by Powell et al (1971).
rected Effective Temperature value as obtained It has also been found that the weaving and L
throughout the day is about 31.4°C at 1200 hrs. winding sections produce fewer accidents in the i
The number of accidents appear to be directly night shift than in the morning and day shifts, i
related to the amount of work people do, similar to the observation in other industries by ).
H (Powell et. al, 1971), and it is the general idea in Adams, et al (1981) and Powell, et al (1971), but / i
our country that labourers of jute industries contrary to the idea of Froberg (1974) that the 0
work under heavy physical work load. But it has night shift produces relatively more injuries. But f
peen observed that the work load in weaving and it has been found in a field study by the authors, o
spinning are moderate but never heavy (Sen et. that a major portion of the workers in the win- i
NNING al, 1969). The maximum pulse rates as observed ding sections go to sleep frequently but for short Y
for the weavers is 107 at 2200 hrs and 108 for the periods during the night shift, due to the inade- i
spinners at 1700 hrs. quate supply of bobbins from the spinning sec-

The fewer localized peaks of accidents in the tion. This is due to lack of supervision because !
weaving, spinning and winding sections within there are no management staff present in the fac- ’
one hour of the start of pre-or post-meal halves tor floor at that time. |
of the ‘A’ or ‘B’ shifts are thought to be due to t
the lack of awareness of the workers to the Distribution of accidents by Type/Source in the |
demands of the tasks, as it is suggested by others weaving spinning and winding sections.
that the risk of injury increases as an employee The ““source or type of injury’’ indicates those
settles into a job and his own pace picks up element of man-machine or man-environment

EAVING : Table 11
Distribution of Accidents in the Weaving Department by Types/Source in y
three Jute Industries in West Bengal '
r
Types/Source of Accidents % of Accidents ’.i
1. Cutting loose warp/weft end by hand knife 21.73%
2. Struck by Picker, Pickingarm, picking strap 13.09%
S ] 3. Struck against moving or fixed machine parts 8.91%
= Q 4. Flying shuttle 7.8%
3 5. Handing with Beam/cloth roll, cloth centre 5.57%
g 6. Loading/Unloading beam/cloth roll/pinions 5.01%
B 7. Caught in between sley and front rail 4.74%
B 8. Fall of shuttle from shuttle rest on the loom 4.18%
e 9. Defective Floor (Slippery, Broken, Uneven) 3.9%
. 10. Shuttle - Cop fitting, Setting on looms, Shuttle box rail 3.34%
1B 1. Caught in between pinions 3.06%
3 12. Loose/Sharp objects on floor or on the working platform 1.95%
= 13. Beam dragging trolley 1.67%
i 14. Broken loom spindle 1.67%
i & 13 Caught in between V-belts & Pulley 1.39%
Y 16. Caught in between pin roller/cloth roller 0.84%
B =11 Others 11.14%
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system which directly cause the accident or
precipitate the injurious movement (e.g. defec-
tive floor). In the weaving seventeen, in the spin-
ning, ten and in the winding, eighteen, such
sources or types of accidents are listed. Table II,
III & IV list these sources in their order of fre-
quency of occurence.

Most interesting among the data in the tables
are the following:—

Table IX

The hand knife of the weaver is a potent
source of accidents and causes 21.73% of the in-
Juries in the weaving section. It has been found
that there are no specially designed knife for
them to use and the knife is not even supplied by
the factory. They purchase it from the open
market. So the knives vary in shape and size
from person to person. The sharp edge of the
knife remains free to cut the yarn and during this
opcration they cut their fingers accidentally or
purposely, (Adams et al, 1981).

The second and third items in Table II i.e.
striking against picker, picking arm, picking
strap and moving or fixed machine parts, con-
tribute 22% of the total injuries in the weaving
section. The result indicates either the use of
wrong working methods and lack of safety
measures on part of the worker or unsafe condi-
tions.

The fifth and sixth items in Table II also in-

dicates the use of UNErgonomic  ways of
loading/unloading leading to severe low back
pain of the employees.

All the above results and observations suggest
that the employees’ work methods should be im.
proved by training as proposed by Adam, et al,
(1981). Moreover the factory should Provide
ergonomically designed safe hand knives to the
weavers in order to reduce the hand knife injury,

The flying shuttle contributes 7.8% of the
total accidents in the weaving section, and is dye
to the lack of maintenance of the loom and shy;.
tles.

Other accidents like item No. 7 occur because
of the unsafe act of the weavers though there is 3
two-inch gap in between sley and front rail in ac-
cordance with factory rules.

The accidental fall of the shuttle from the
shuttle rest on the loom is due either to the im.
proper fitting of the shuttle to the shuttle rest so
that it falls down due to the vibration of the
loom while moving.

The factory floor is most unclean, and 1.95%
of the total injuries in the weaving section are
due to loose or sharp objects lying on the floor,
Regular cleaning of the floor is advised,
Simultaneously the workers should be advised
not to work bare footed.

Some other minor accidents contribute to
11.14% of the accidents, the third highest item
in the weaving section. The causes behind some

Table 11

Distribution of Accidents in the Spinning Department by Types/Source in
three Jute Industries in West Bengal

Types/Source of Accidents % of Accidents

1. Contact with rotating flyer during piecing 36.57%

2. Contact with rotating flyer during doffing/placing bobbins 15.43%

3. Bobbin fly 10.28%

4. Defective floor (Slippery, Broken, Uneven) 5.14%

5. Finger entangled with spinning hooks during piecing 4.57%

6. Troiley 4.57%

7. Fall of silver can and silver can sharp edge 3.43%,
8. Cleaning operation:

a) Fall of pressing roller 3.43%

b) Fall of carriage 0.57%

¢) Fall from rail during cleaning pneumaphil 1.14%,

d) Use of knife 1.71%

€) Contact with rotating flyer during cleaning jam in the flyer 1.71%

9. Loose/Sharp objects on the floor 2.86%

10. Others 8.57%
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ways of
low back

NS suggest
buld be im-
dam, et al,
Id provide
1ives to the
nife injury,
3% of the
, and is due
n and shut-

cur because
gh thereisa
nt rail inac-

e from the
er to the im-

huttle rest so |
ration of the ,

n, and 1.95%
g section are
“on the floor.

is advised.
id be advised

contribute to

d highest item
s behind some

Accidents

i,

5.57%
5.43%
0.28%
5.14%
4.57%
4.57%
3.43%

3.43%
0.57%
1.14%
1.71%
1.71%
2.86%

57%

b

of the injuries are not known. Most of them oc-
cur through unsafe acts of the workers thou_gh
unsafe conditions also contribute to a major
ponion of this type of accident.

Table 111 ) ' '
Most interesting among the data in the spinn-

ing section are iterns 1 and 2, where the rotating
flyer contributes to more than 50% of all the ac-
cidents in the spinning section. The victims in
item 2 (15.43%) are the shifter boys who either
remove full bobbins or place empty bobbins in
the bobbin rail. In item 1, the spinners actually
get in contact with the neighbouring rotating
flyer during ‘piecing’ operation. These types of
accidents are thought to be due to the,
a) insufficient space in between flyers from the
ergonormic point of view and,
(b) inadequate distance from bobbin top in the
rail to the rotating flyer.

The next highest source of accidents, the bob-
hin fly, is thought to be due to lack of
maintenance of the spinning machine. Regular
checking of the machine will reduce this type of
accident.

It is also recommended that spinning hooks
should be ergonomically designed to ensure safe-
ty and reduce the total spinning injuries.

The cleaning operation contributes 8.56% of
the total accidents in the spinning section.
Whether this is due to unsafe act, or unsafe con-
dition, or lack of maintenance of the machine re-
mains unclear.

Other minor accidents contribute a large pro-
portion (8.57%) of the accidents in the spinning
section. These accidents occur due to varying
reasons, some of which are unexplainable, like
sudden unconsciousness of a worker without any
known neural or psychic disorder.

Table IV

Distribution of Accidents in the Winding Department by Types/Source in
three Jute Factories in West Bengal

Types/Source of Accidents % of Accidents
Cop. Winding Section:
1. Struck against moving or fixed machine parts (bobbin top, front
cover, bobbin thread, guide, moving sprindle, traverse rod, clutch) 25.25%
2. Fall of bobbin from reel 6.06%
3. Caught in between spindle and wheel during cleaning, jam in the
spindle or yarn entangled in the finger 5.05%
4. Trolley 5.05%
5. Use of knife for cleaning or knot cutting 4.04%
6. Fall of spindle, Cop 3.03%
7. Flying Top nut of spindle 2.02%
8. Others 7.07%
Spool Winding Section:
1. Use of knife, knot cutter and scissors 7.07%
2. Caught in between spool and scroll 6.06%
3. Struck against moving of fixed machine parts (spindle, spool lever,
scroll, thread guide, spool) 5.05%
4. Trolley 4.04%
$. Fall of spool 3.03%
6. Fall of bobbin 2.02%
7. Caught in between spool and spindle 2.02%
8. Others 4.04%
Common accidents
1. Loose/sharp objects on floor 5.05%
_2. _Defective floor (Slippery, Broken, Uneven) 4.04%
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Table 1V

The characteristic i
is ‘striking against
parts’. The cop wi

tem in the winding section,
moving or fixed machine

: nding section alone con-
tributes 25.25%, of these accidents. In the spool

winding section it shows a figure of 5.05%. The
results suggest the need for safe work procedures
and the removal of unsafe working sconditions.
The workers lack knowledge of safety which
should be remedied by periodic short term shop
floor training.

Fall of bobbin or of spool, spindle and cop
also produces a large proportion (14.11%) of the
total accidents in the winding section. These ac-
cidents are due to improper machine design.

Like the weaving section the spool winders
also get themselves injured by the same poorly
designed hand knife. It is suggested that proper
care should be taken by the factory owners
about the hand knife used by the workers in the
Jute factories.

The accidents grouped as ‘others’ contributing
H.11% of all accidents are of diverse nature and
involve unexplained causes, like vaso-vagal at-
tacks, sudden unconsciousness etc.

Accidents due to loose/sharp objects on the
floor (5.05%) reflect untidiness of the floor.
Hourly cleaning of the floor surface would im-

porve the general quality of house—keeping.
Tables II, III & IV reveal that defective, slip
pery, uneven and broken floor sufaces have pro-

duced, 3.9%, 5.14% and 4.04% of the
in the weaving, spinning and wj
respectively, Clea
surfaces where practicable should mi
significant contribution to accidents,
Another interesting item in Table I1,
is the accident from ‘trolley’, wh
tributing 1.67% in the w

4.-57% in the spinning section and 9.099,

7 4 in the
winding section. The Pusher of the tro]|

Good house
maintenance wil] reduce thj

Different body parts involved :

Table V describes the bercentage distributjop
of injuries according to the different body paris
involved in the weaving, spinning and winding
sections,

Though the tota] number of accidents in the
weaving and spinning sections are 357 and 175,
the total number of injuries are 367 and 185

respectively, because some of the injuries are of

multiple nature involving more than one body
part.

The table shows that weaving department
alone has contributed more than 50% of the
total bodily injuries, followed by spinning and
winding sections contributing 28.42% and

Table V

Break up of percentage Distribut
Involved in the Weavi

ion of Injuries Accordin
ng, Spining and Winding sections of three

2 to the Different Body parts

Jute Industries in West Bengal

Different Body Part Involved (% distribution)
Finger/ Testis/ Percentage
Department | Hang/ | Foot/ | | Head/ inguinal of All
F leg Neck . Iniuries*
orearm region njuries
Weaving
(n = 367) 62.12 18.53 10.08 7.91 1.36 100.00 56.37
Spinning
(n = 185) 68.11 15.67 5.95 9.19 1.08 100.00 28.42
Winding
(n = 99) 54.55 33.33 2.02 7.07 3.03 100.00 15.21
% of all
Insuries** 62.67 19.97 7.68 8.14 1.54 100.00 —
*: The perceniage contribution of each departineny.

**: The percentage contribution
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15.21

15.21% respectively.

Jtis also seen that finger/hand/forearm injury
has contributed 62.67% i.e. three-fifth of all the
injuries.

Though the weaving section contributes more
than half of the total injuries, it produces the

most injuries in the trunk (10.08%) while the
spinning section has two main types of injuries,
one in finger/ hand/forearm (68.11%) and other
in hand/neck (9.19%). The winding section con-
(ributes most injuries in foot/leg (33.33%) and
estis and inguinal region (3.03%)

The finger/hand/forearm injuries originate
mainly from the weaver’s hand knife, and
rotating flyer of the spinning machine. The con-
rribution of sley and front rail, shuttle, shuttle
box rail, picker, picking arm and picking strap,
spinning hooks, spindle, spool and scroll of the
winding machine are also noticeable.

The foot/leg injuries are due to the fall of
bobbin, spindle, cop, spool, top nut of spindle
and front cover of winding machine, the fall of
shuttle from shuttle rest of loom, loose/sharp
objects on floor, defective floor, trolley, beam,
beam flange etc.

The trunk injuries occur during loading/
unloading of beam/cloth roll/pinions, fall in the
floor due to defective floor surface, flying shut-
tle and top nut of spindle, and strucking against
moving or fixed machine parts.

The head/neck injuries involve sudden un-
consciousness, vaso-vagal attacks, falls on the
floor due to rough floor surface, and foreign
particles in the eye.

The testis/inguinal region injuries come from
the bobbin fly, shuttle fly, top nut fly and by
striking against moving or fixed machine parts.

These results indicate that all the injuries are.

due to either the use of bad working methods,
unsafe acts by the workers, or the lack of
maintenance of machines, unergonomic design
of hand tools and machinery, unsafe conditions
and unhealthy working environment in the shop
floor. Further research on this matter will
definitely elucidate the contribution of different
accn_dents in individual injury, basic causes
bchmd_ the individual injury and necessary
femedial measures to be taken to improve the oc-
cupational health and safety of the workers.

CONCLUSION

mT!\c following suggestion based on the infor-
’ ation presented in this paper are put forward
Or consideration:—
The injury reporting system should be im-
proved by employing ergonomically design-

1~
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ed accident report forms to give more details
and causative information about accidents.
Each and every jute mill should have a
separate health and safety unit guided by a
qualified safety officer.

The management in every factory should in-
itiate short training programmes on safety
and occupational health.

The general pattern of supervision of dif-
ferent shifts should be improved. The ratio
of supervisors to workers should be in-
creased.

The ventilation arrangements in the working
area should be improved to reduce the ther-
mal load and fatiguability and to improve
the physical performance of the labourers.
This can easily be done by opening windows
and having saw tooth roofs in the facory
shed.

The maintenance of the different machines
should be improved.

The hand knife of the weaver and the spinn-
ing hook should be more ergonomically
designed.

The management should take proper care in
‘piecing’ operation in the spinning depart-
ment, as well as in the ‘doffing’ and ‘plac-
ing’ of bobbins in the bobbin rail of spinn-
ing machines.

The authors also support the recommenda-
tions of Adams et al (1981) that there should
be instituted, in at least some work placss,
with high injury rates, a system to record
near-miss situtations in which an unsafe
behaviour or circumstance has been evi-
dent. This kind of research would need the
cooperation of employers, employees and
unions. Such cooperation is well worth seek-
ing, because it is only through this sort of
study that really valid inferences can be
drawn about the hazard potential and/or in-
jury potential of a particular behaviour or
situation.
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AN ERGONOMIC ANALYSIS OF RAILWAY
LOCOMOTIVE DRIVER FUNCTIONS
IN INDIA

R.N. SEN and A. K. Gancurr

Ergonomics Laboratory, Department of Physiology, University of Calcutta,
92A.P.C, Road, Calcutta-700 009, India

A 3-tiered analysis of electric locomotive driver functions in India and
a task-operation-subsystem analysis based on a Function-Subsystem
Matrix are presented using data derived from interviews with railway
drivers and supervisory personnel, drivers’ Tesponses to a questionnaire,
and observations during actual running of trains. The functional
analyses break down the trajn driving job into requirements, tasks and
operations, in increasing degrees of detail. From the matrix, a subsystem

utilization analysis, an operations frequency analysis, and a task com-
plexity analysis have been performed.

ways. Recommendations have been ma
controls (brake, horn), and displays (speed
and voltage meters). Use of auditory channels for warning indications,
and installation of in-cabin signalling devices have been advocated so as to
decrease perceptual loads and improve safety. It is suggested that

ometer, traction motor curient,
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188 R. N. SEN and A. K. GANGULI

sation and the design of the work place. Bad weather, poor illumination, glare,
thermal stress, noise, and vibration are among the numerous physical influences
which affect both the reception and the processing of information. The resulting
decisions give rise to effector actions of control which govern the behavior of the
train. On these decisions of the driver depend numerous lives and property.

The Indian Railways are the biggest single industry in the country, from the
point of view of both the capital invested and the labour employed. There are
over 1.7 million workers. Unfortunately the Indian Railways has one of the
highest accident rates in the world, though the incidence is considerably decreased
when expressed in terms of million kilometers travelled or million passengers
carried. In this context, itis interesting to note that as much as 60% of all railway
accidents in the country have been ascribed to the human (loco-man) factor
(South Eastern Railway Safety Organization, 1979).

Locomotives in use on the Indian Railways are either designed as well as
manufactured in foreign countries (Japan, U.S. A., Federal Republic of Germany)
or manufactured in India based on foreign designs. Yet no design allowances
appear to have been made for the different population of men who operate them,
and to our knowledge, no studies have been published on the ergonomic aspects
of the skills of train driving under Indian conditions.

The objectives of the study are to perform an in-depth ergonomic analysis of
the existing locomotive cabin environment, the design of the controls and displays
in it, and the driver’s job requirements; and thereafter to provide design recommen-
dations on both a short and loag term basis. In the present paper, we present
1) a 3-tiered functional (work-activity) analysis of driver functions in terms of
requirements, tasks, and operations, and 2) a task-operation-subsystem analysis
based on a function-subsystem matrix, especially with respect to the operational
requirements of and stresses on the drivers, and to the desing of the controls and
displays in the cabin.

MATERIALS AND METHODS

The information required for the analyses was gathered in three ways: (1)
interviews with drivers, and traction staff, (2) drivers’ responsesto a questionnaire,
and (3) observation of driver activities during actual running conditions. The
questionnaire used was predominantly of the multiple choice type. The replies
were collected from the dtivers. The topics covered were: (1) the drivers’ back-
grounds, and general information (including training, welfare facilities, medical
background, efc.); (2) duty hours, leave, efc.; (3) duties and procedures; (4) signals
and indications to be monitored or exchanged; (5) visibility factors (glare, weather
conditions, windshield, etc.); (6) the internal environment of the cabin (including
heat, dust, noise, vibration, illumination, work-space, seating erc.); (7) special
skills like monitoring of track, braking behavior, and so on; and (8) accidents
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ANALYSIS OF RAILWAY DRIVER FUNCTIONS 189

and critical incidents.

The derived data were analyzed by means of a 3-tiered analysis of driver, func-
tions and a matrix analysis method. The obtained results were then compared
with those reported from the American railways.

The following is a glossary of terms used for the analysis.

Job: A regular, renumerative employment; a piece of work, or actual process
of doing a piece of work.

Task: A specific or assigned piece or amount of work, often required or
expected to be finished within a certain time.

Operation: Doing or petforming a practical work or process, especially as a
part of a series of actions.

Consist: The full assembly of a train, including locomotive(s), coaches and
vans.

Shorts: Short assemblies of coaches which are attached or detached at
intermediate points on a journey.

Points/Cross-overs: Places where tracks merge, bifurcate or cross-over.

Neutral Section: Section of track where there is no voltage or tension in the
overhead wires.

Sonny: Name given to auditory warning of excess current in motors (present
in a few locomotives only).

Functional analysis. The job of train driving was first broken down (by the
first level analysis) into various “requirements.” These requirements (level 1
functions) were again broken down by the second level analysis into “Tasks”
(level 2 functions), which the third level analysis further broke into “Operations”
(level 3 functions). Thus the functional analysis takes us from the general to the
particular, and is therefore deductive and not inductive in nature.

The method used was a modification of the analysis by ROBINSON et al. (1976),

in their study on locomotive cabin design development which was sponsored by the
U. S. Department of Transportation, Federal Railroad Administration, though
they did not rank their functions or identify sequential/non-sequential portions
in the level 2 analysis. This functional analysis method may be considered to be a
method-study approach to the train driving job. It may be described as work
activity analysis in the method-study terminology. The level 2 functions (Tasks)
describe the work content, and are broken down by the level 3 analysis into macro-
motions (here described as Operations), which one could further subdivide into
elements by a micromotion analysis.

While most of the design approaches are based on subjective applications of
ergonomic principles, the efficacy of the three-tiered functional analysis lies in its
objectivity, being based on the operations actually performed. The systematic
listing ensures that no factor is under- or over-emphasized in a complex design
environment. Moreover, the outputs from the matrix and subsystem analysis
are quantitative in nature and may serve as inputs for linear programming and
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other mathematical models.

Matrix analysis. The matrix analysis method involved setting up of a matrix,
as shown in Fig. 1. The matrix had the level 2 functions on one axis, and each of
the locomotive subsystems (such as brake, propulsion, etc.) on the other. Con-
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monitor the caution orders and deal with cabin instruments, signals, and so on.
In each case, a dot is put at the appropriate spot on the matrix.

Alfter all the level 2 functions were so analysed, the number of matrix entries
for each ‘Task,” ‘Subsystem,’ and ‘Operation’ (sub-system activity) were counted.
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other foreign railways, the comparisons had to be restricted to the American
railways.

RESULTS AND DISCUSSIONS
Questionnaire

The first two sections of the questionnaire covered working conditions. When
asked to list the worst aspects of their job, drivers responded as follows: long/
irregular duty hours, 15.67;; insufficient rest, 11.1%; low pay, particularly in re-
lation to responsibility, 11.1 7 insufficient housing facilities, 11.1 % high mental
load, 8.9%; unpredictable or bad signalling system, 8.9 %; bad behavior of su-
periors, 8.9%; and other factors 24.4 %.

Only 259 of the drivers felt that the training which they received was
“thorough.” Forty percent felt that it was “just adequate,” and 35% considered
it to be “insufficient.” They pointed out that they received very little practical
training and that they found that actual conditions were quite different from the
theoretical ones,

All drivers considered the assistant driver's presence to be necessary, though
57 thought that the assistant driver (fireman) was “important” and the rest 95 %
thought that he was “essential.”

Eighty percent of thc drivers admitted that monoiony or diowsiness eliects
occurred. About the time of onset of monotony or drowsiness, 3.3% mentioned
2200-2300 hr, 3.3% 2300-2400, 6.7 %, 2400-0100, 6.7% 0100-0200, 26.7%;, 0200~
0300, 20.0%; 0300-0400, 23.3% 0400-0500, 6.7 % 0500-0600, and 3.3 % 0600-0700.

Of the drivers, 35.5% said they often splashed water on their eyes and face to
keep themselves alert, 25.8% drank tea, and 16.1 7 adopted a standing posture.
Other miscellaneous measures such as smoking, conversation with the assistant
driver, were reported by the other 22.6 %. '

The third section of the questionnaire dealt with the duties and procedures,
and these responses have been presented in Figs. 2 and 3.

Results from the sections four, five and six of the questionnaire dealt with the
internal and external working environment, and are found elsewhere (Sen and
GANGULY, 1982). Responses to sections seven and eight were subjective/descriptive
in nature, and have been discussed in the relevant areas below. Sen and GANGULI
(1982) made an approach towards driver cabin design from the work environment
point of view such as control-display analysis, erc. The present paper describes
the work content and conditions approach to the same design problem. It is by

integration of the results obtained from these two approaches that the final design
may be arrived at.

First level functions
The first level (level 1) functions in Table | give the summary of the operational
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Table 1. First-Level functions.

Suitability of the

Importance Functional Principles p rerii;tecdtef;g?h:"h
function
1. Operational Safety and Reliability ?
2. Exchange of Signals between
Man-Machine and Man-Environment 77
3. Range of Speeds
4. Rapid deceleration ?
5. Range of loads to be carried
6. Mix of types of cars forming the consist ?
7. Negotiation of Gradients and Curves
8. Variety of Track Conditions ?
9. Variety of Environments 77
10. Day/Night operation ?
11. Bi-Directional Movement
12. Fault Indication and Isolation
13. Operation in Multiple (Helper) units.

requirements, representing the most complex functional needs of the driver and
his cabin. They are determined from the opinions expressed by the drivers. The
number of query marks (?) alongside the entries indicate that the present cabin is
unsuitable for the functions required of it in more than 507, of the cases. For
example, there are absolutely no means by which the driver of such a running
locomotive can communicate with the external world (including the guard), except
by hand or light signals, though this is an important primary requirement. In
fact, communicating with the external environment is the most important re-
quirement, as shown by the systems analysis presented later.

Reference to the analysis by RoBINSON, et al. (1976) makes it possible for us
to compare the requirements listed above with those of the American railways.
On comparison, it may be seen that most of the items listed are similar in both
cases, though *“rapid deceleration” and “fault indication and isolation” were not
considered to be level 1 functions by those authors. On the other hand, they have
placed added emphasis on “multiple unit operation” defining the multiple unit
as more than one locomotive in a train assembly. This is presumably because the
terrain in the United States requires that this be a frequent mode of operation.

Since they did not rank their functions, priority comparisons with their data were
not possible. '

Second level Sunctions

The next level of systems analysis leads to the definition of second level (level 2)
functions (Fig. 2). These are the actions required of the driving crew to fulfil the

requirements set out in the level 1 analysis. Alternatively, they may be looked
upon as a task-by-task breakdown of train driving. '
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SIGN ARRIVAL LOG

Fig. 2. Second level functional analysis (passenger traffic: mailfexpress).

Three distinct sections can be seen in Fig. 3. The first section consists of se-
quential operations, and extends from the “register with assistant traction foreman"
entry to the “achieve speed” entry. There are three possible alternative directions
of flow within this section. The first two relate to ‘Tasks’ that have to be performed
at the train origin, where the driver has to form the consist (which is composed of
locomotive (s), coaches, luggage van(s), and so on). In one case the driver has to
form the consist at the yard, and take it to the station. In the second case, the
driver takes the locomotive to the station directly, and forms the consist there.
The third possible route relates to intermediate crew-change points, where the
driver takes charge of the consist from another driver (who has brought the consist
to the intermediate point).

The second section (“‘achieve speed™ to “‘decelerate train™) is comprised of
“Tasks™ which are non-sequential in nature. These may be performed in any
order and any number of times during a run, according to operational requirements.

.-
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(A} Checking the locomotive

CHECK LocoMoTIVE
INSERT LOCKING & CONTROL LEVERS
ALL SWITCHES (N POSITION 1

VISUAL CHECK oF ELECTRICAL EQUIPMENT

VISUAL CHECK oF OIL LEVELS N EXHAUSTERS,
COMPRESSOR AND TRANSFORMER

CHECK LOCO BRAKE

CHECK FOR EXHAUSTER Pipg LEAKAGE

CHECK LOOK -0UT GLASS

CHECK INDICATOR LAMPS AND BULBS OF
‘DANGER® INDICATOR

S
CHECK LAMPS IN ORIVING CAGIN, ENGINE
COMPARTMENT, CIAL LAMPS & MARKET LAMPS

(C) Responding to signals

RESPOND TO SIGNALS

READ SiGNAL ASPECT /RESTRICTIVE BOARD
DETERMINE MEANING

CROSS CHECK AGAINST cAuTION ORDER
VERBALISE SIGNAL AND MEANING

HEAR ASSISTANT REPEAT /CONFIRM
DETERMINE RESPONSE

Thus, the whole activity consists of one
be several predictable apd unpredictable

(B) Acce!eraﬁng the train

ACCELERATE TRAIN

MONITOR sPEED

REVIEW caAuTiON ORDER

DETERMINE TARGET SPEED
MONITOR sLack

Fig. 3. Typical third level functions of a locomotive driver.
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Table 2. Rank order of locomotive sub-systems (Sen and GaNGuLt, 1982).

Rank Sub-system Matrix entries
1. Monitoring/Communicating with External Environment 84
2. Train (Vacuum) Brake System 75
3. Locomotive (Air) Brake System 54
4. Internal Signals/Communications/Information 44
5. (5.9 Propulsion System 43
5. (5.5) Driving System 43
7. Lighting System 21
8. Electrical System 20
9. Miscellanecus/Auxiliary Systems 12

10. Pneumatic System 10
1. Engine (Traction Motor) System 9

Figures in the parentheses represent alternative ranking.

subcycles. Comparison with the analysis by ROBINSON et al., (1976) shows that
there are three main differences. Two items in the above list are missing in theirs.
The first relates to the shunting activities the locomotive drivers have to perform
in India, but which are carried out strictly by specialized locomotives in the United
States. The second is a functional component relating to on-run tasks, “negotiate
neutral section”; presumably it is missing in their analysis because it relates to only
electric locomotives, while the Robinson analysis was done with respect to diesel/
diesel-electric locomotives. The third difference is an item present in their list,
but missing in the present one. This relates to Muitiple-Unit operation, and its
relative importance in the two countries has been discussed earlier (level 1 func-
tions).

Third level functions

In a similar way, each of the level 2 functions were broken down into third
level (level 3) functions. Thus, the level 3 functions represent the operation-by-
operation breakdown of the jobs described in the level 2 analysis. The primary
aim is to provide the baseline for a systematic listing of the control display require-
ments and the activities to which they are associated. Figure 3(A) shows a
typical level 3 function. The “check locomotive™ task has been broken down
here into its component operations. Similarly, Figs. 3(B) and 3(C) show other
typical level 3 functions.

Subsystem analysis

The number of matrix entries for each subsystem, as obtained from the func-
tion-subsystem matrix of Fig. 2, gives the rank order of the different locomotive
subsystems reported previously by Sen and GAanGut (1982). The rank order
shown in Table 2 gives important insight into the relative degree of utilization of
each subsystem, and may be described as a sub-system utilization analysis. This
provides indicators as to which controls and displays should occupy primary lo-
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cations in the driver’s cabin, which ones should occupy secondary Spots, and so on,
The matrix entries also provide quantitative valyes for Weighting in priority allo-
cation, and also for inputs to linear Programming (Lp) applications whep using LP
for Optimizing the control pane] layout,

A practical example may be cited. From Table 2, it may be seen that the most
important functions are Communications apd braking, while the electrical and

Table 3. Task complexity analysis,
Rank Task Matrix entries
 . e
1. Take Train to Yar

d/Detach Locomotive 33

2. Q.5 Start Train 29
2. .9 Achieve Speed 29
4. Check Locomotive 28
5. (5.5) Negotiate Cyrves 26
5. (5.5) Decelerate Train 26
7. Stop Train 25
8. 8.5 Negotiate Gradients 24
8. 8.5) Negotiate Points 24
10. Respond to/Transmit Signals 22
Ir. a1 .5) Negotiate Neutral Sections 21
1. i1 .5) Take Locomotive to Shed 21
13. (13.5) Move to Main Track 18
13. (13.5) Leave Main Track 18
15, (16) Take Loco to Statin/Form Train consist 13
I5. (1¢) Monitor Loco Systems 13
15. (16) Sign Arrival Log 13
- 18. Manage Auxiliary Systems 9
19, Detach/Attach Shorts 8
20. Check Train Consist 6
21. Pass Trains and Equipment 4
22, Obtain Proceed Signal 3
1

1

23, (23.5) Register with ATF
23. (23.5) Open Locomotive to Traffic

Figures in parentheses represent alternative ranking.

A higher number of matrix entries indicates greater task complexity.
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Operations Srequency anal 'ysis

By counting the number of entries for each operation, the operations were also
ranked in a similar fashion. These ranks reflect the relative number of times each
operation has to be performed, and hence the rank-order represents an operation
frequency analysis. The full analysis is not given here, but the number of matrix
entries can be read from Fig. 2. Communicating with the assistant driver was seen
to be the most frequent activity, followed by those of braking the locomative,
applying tractive effort, monitoring speed, signals, etc. The least frequent ac-
tivity was checking the lights and bulbs done while checking the locomotive at
the start of the journey,

Task complexity anal ysis

Similarly, counting the entries horizontally gives an idea of how many ope-
rations are involved in each of the tasks, and may be taken as an index of task com-
plexity. Table 3 gives the result of this task complexity analysis. The most com-
plex task was that of taking the train to the yard and detaching the locomotive
followed by starting the train and achieving the proper speed. The easiest jobs
were opening the locomotive to traffic, and obtaining the ‘proceed’ signal. These
complexity ratings correlate moderately (r=0.63) with those of ROBINSON et al.
(1976).

RECOMMENDATIONS

The above analyses indicate that there are several areas where the present
design needs modification. These include the following:

1) The brakes should be closer to the central area, preferably for the right
hand operation. The direction-of-motion stereotype may be altered for faster
and more efficient movement,

2) The horns, which have to be used very frequently, should be closer to the
central area, so that they can be operated with minimum movement of the hand.
Alternatively, the horn switch should be operable by foot depression or lateral
pressure of the knee.

3) The present position of the speedometer makes it impossible, or at least
very difficult, to see it when sitting.  The speedometer should be directly in the
driver’s line of sight, perhaps between the two windshield panels. It is interesting
to note that in locomotives where 2 new speedometer of a different shape is fitted
as the older one went out of order, this is usually, perhaps inadvertently, done
at the location mentioned (between windshields and in the line of sight). Drivers
have reported their preference for the new location since it facilitates monitoring,
and is suitable for both the driver and the assistant.

4) The traction motor current and voltage indicators should be moved into
secondary locations to the left of the present position. Greater emphasis should
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in a straight horizontal fine. Thjs will ease monitoring,

5) Asthe warning lights are quite far from the driver’s line of sight, there
should be an auditory back-up so as to draw attention to the fact that there js
something wrong, after which the warning lights (which should be of the blinking

and the auditory system seems to be the least strained channel (JankovicH, 1972),
Auditory warning of all crisis situations (e. g., low brake pipe pressure, excess
current in motors) will be useful for the railway locomotive driver, whose visual
system is overloaded.

6) The majority of serious accidents appear to be associated with signals
in three main ways.  Firstly, signals are difficult to see due to bad weather con-
ditions; secondly, it is claimed by the drivers that signals are often incorrect, or the
aspect is changed at a time when it is too late to act on the changed aspect; and
thirdly, some signals are disregarded or disobeyed. The second point is a source

To counter these problems, a form of continuous cab-signalling, or in-cabin dis-
plays of both forthcoming and past signals based on track circuits, is recommended,
together with incorporating a recording device. Such a system is in use on the
Italian State Railways’ Settebello-class locomotives and in a number of other
countries. A ‘green’ signal permitting maximum speed and a ‘red’ signal auto-
matically causing application of the brakes may be displayed in the cabin, each
corresponding to a high or a Jow track-circuit frequency. In between there may be
frequencies corresponding to single and double ‘amber’ signals which permit the
train to move at low speeds, activating the brakes if a given speed is exceeded.
This system will ensure maximum operational safety, at the same time minimizing
unnecessary slow movement. It js also ‘fail-safe’, as any defect or failure in the
track-circuit automatically results in a ‘red’ signal.  Full details may be found in
KALLA-BisHop (1972).

CONCLUSION

Before concluding, it must be pointed out that the above analysis has short-
comings. Thisis mainly due to the non-sequential part of the second-level analysis,
It may be recalled that these ‘tasks’ may, during actual operation, be repeated any
number of times and in differing permutations. This results in changes in the
task-subsystemn matrix, and thus also in the rank order. It is for this reason that
the ‘hear/sound horn’ operation had 2 rank of as Jow as 17 in the operations fre-
quency analysis, though actual observation showed that this was probably the most
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frequent activity. One way of attempting to rectify this anomaly is to observe and
record (preferably by memo-motion cine-films) driver activities over a large number
of journeys and to use the nean number of times each task is performed as a weight-
ing to the matrix entry counts.

However, it cannot be denied that there are serious deficiencies in the design
of the present cabins of the Indian Railways’ locomotives. These defects make
the working conditions unsafe, and open the door to ‘human error’ accidents.
Therefore, the role of the man, the activities he has to carry out, and the physical
and social environment in which he has to do this, all need to be given detailed
consideration in order to optimize the Man-Machine-Environment relationship.
Only in this way can efliciency and alertness be assured, along with both physio-
logical and psychological well-being. It must be remembered that the proper
design of the work-place is an essential part of operational safety and reliability.

The study is being partialiy financed by the University Grants Commission, New Delhi.
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APPLICATION OF ERGONOMICS
TO INDUSTRIALLY DEVELOPING COUNTRIES

1. Introduction

This is perhaps the first occasion that a
member of a Third World country has been
invited to give the Ergonomic Society Lec-
ture and have the opportunity of sharing
experiences and ideas in this meeting of
minds on a topic of his keen interest.

We may define ergonomics as the science,
technology and art of man at work. When
ergonomics is applied to industrially devel-
oping countries it may not follow the same
course as that which was taken in the
industrially developed countries. Disastrous
effects may result when the technology suit-
able for a developed country (e.g. mining
sulphur in a cold climate) is transferred to a
developing country, such as Iraq, with hot
environmental conditions without modific-
ation on the basis of anthropometric, clima-
tic, socioeconomic, cultural and other dif-
ferences (Sen 1980). Moreover, since tech-
nology originating in developed countries
has to be sold, the pitfalls of application in
the developed let alone in the developing
world, on occasions, are poorly documented
or not easily available making it well-nigh
impossible to avoid recurrences of the same
problems. However, much information may
be gleaned from the knowledge accumulated

over the last few decades on the application-

of ergonomics (Lippert 1968, Corlett- 1968,
Thompson 1972, Thring 1974, Chapanis
1975, Phoon 1976, Kogi 1977, Sen 1979,
Manuaba 1979, Pinnagoda 1979, Wisner
1982).

Though exact situations may differ in
different developing countries, similarities in
respect of factors such as anthropometry,
climatic, socioeconomic status, are sufficient
to enable the application of ergonomics for
progress and development. However, it is
often difficult to fix priorities for factors in
specific situations. Let us consider some of
the important factors.

2. Differences in calorie intake

To enable workers to perform effectively,
the required amount of calories and the right
balance of nutrients must be provided. In
developing countries, most workers support
a number of non-earning family members
{the extended family) on their limited income
and, in consequence, may themselves suffer
from under- and malnutrition. Many indus-
tries in developing countries have found it
advantageous to give subsidized nutritional
supplements to their workers in their canteen
food instead of monetary incentives.

We started our work in industrial
ergonomics in 1953 at a cotton textile mill in
West Bengal. Our object was to identify
levels of energy expenditure of workers per-
forming different tasks, along with the deter-
mination of energy intake in 24hours
(Banerjee et al. 1959), with a view to improv-
ing workloads. We extended the work to
other industries and to agriculture (Sen 1960,
Sen et al. 1964 a,b, 1966, 1980, 1981, 1983).
We found that energy expenditure for de-
fined tasks was lower in India than for the

aliin, . 40
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same task in industrially developed coun-
tries. Furthermore, workers, especially those

. who were not organized,. expended more
energy than could be derived from the food
they could purchase from their wages (Sen et
al. 1978, Sen and Nag 1979, Kerkhoven
1962).

3. Anthropometric differences

The first systematic work undertaken by
us in this field was to collect 30 different
anthropometric measurements of 499
workers in 50 textile mills in Maharastra, in
order to prepare design dimensions for tex-
tile machinery (Sengupta and Sen 1964). This
was only a pilot survey which could not be
continued elsewhere in India because of lack
of funds. However, constants were suggested
for the prediction of anthropometric dimen-
sions from the body height or chest circum-
ferences (Sen 1964). In another study, 16
anthropometric measurements were under-
taken in 196 subjects (Sen et al. 1978) and 79
inalarger group in the east of India(Senet al.
1977) to obtain data required for designing
agricultural implements.

Equipment manufactured in developed
countries is used by workers in developing
countries, and there are limitations of funds
and facilities for local collection of relevant
anthropometric data, therefore manufactur-
ers should not shirk their responsibility for
collecting the required data from the loc-
alities to which their machines are exported.
Furthermore, as purchasing departments in
industry tend to lack ergonomic expertise,
machines and equipment are largely selected
on the basis of operating costs. Thus, the
responsibility of matching man and machine
must be, shouldered by manufacturers. One
way of attacking such problems involves
instruction and training in ergonomics for
engineers and designers of manufacturing
companies. Ultimately ergonomics stan-
dards are required.

4. Postural differences

Several thousand years ago Indian sages
realized the significance of the correct mode
and maintenance of sitting, the most import-
ant and prevalent waking posture of the
body. In their writings, they referred to the
details of the methods of maintaining the
correct sitting pastures such as sitting cross-
legged (‘padmasana’ in ‘yoga’) or squatting.
Millions of oriental people have learned
traditionally to sit restfully in postures which
seem not only bizarre but also extremely

uncomfortable to Westerners accustomed to
sitting on chairs. There are considerable
advantages in sitting on the floor in these
postures.

(1) Considerable discomfort is felt
when the air temperature at the
head level exceeds that at the foot
level by more than about 3°C. In
tropical climates, not only is the
floor usually cooler, but squatting
also avoids this uncomfortable
gradient.

(2) The venous return from the legs is
significantly improved, consequent-
ly enhancing the blood volume
available for cooling.

(3) Itmayresultin the lower prevalence
of varicose veins in Indians com-
pared with housewives in England.

(4) A squatting posture is also used in
the Indian W.C. and, what is more
inguinal hernias are less prevalentin
India; it is therefore suggested that
one factor that may account for this
finding is the support that this pos-
ture offers to the inguinal region
during the increased abdominal
pressure of defaecation.

(5) The desirable resting position of the
hip joints is with 45° and not 90°
flexion; it appears that in this pos-
ture thigh muscles are in 2 relaxed
balance and the spine has a concave
backwards curve.

(6) In many small-scale industries,
squatting or sitting on the floor may
be ergonomically advantageous
because it avoids lifting heavy ob-
jects to a higher work surface and it
is possible in that posture to use the
legs and feet to hold objects (figure
1). Legs can also be used as armrests
(figure 2).

(7) There is greater freedom for pos-
tural change than while sitting on a
chair. Sitting on a ‘chowki’ (a fow,
big wooden platform with a thin
cushion) offers immense scope for

changing one’s posture from sitting

to semi-lying or even to a com-
pletely lying position, which ismuch
better then the static posture im-
posed by sitting on a chair.

Observing indigenously designed ma-
chines, such as wood or sheet-metal lathes,
grinding wheels or potter's wheels, being
operated by workers sitting on the floor

Figure 1.

Figure 2.

Figure 3. Wood lat
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Figure 1. Holding objects with the feet while squatting on the floor.

Figure 2. Use of legs as armrests while working squatting on the floor.

Figure 3. "Wood lathe being operated by squatting on the floor; both legs and hands are used.
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(figure 3), it is easy to see the significance of
such methods. As a large proportion of the
world market covers societies where squatt-
ing or sitting on the ground predominate, it is
unfortunate that up till now no modern
machines have been designed to be used in
this way.

5. Some social and cultural aspects

Many centuries ago various techniques
and crafts were transferred from India to
other parts of the world. Enough literature
(Basham 1967) exists to show the profound
influence of spiritual, emotional and aesthe-
tic experiences on the oriental mind. Ancient
India was a citadel of family-based cottage
industries, arts and crafts, and as such tra-
ditional social, cultural and religious pat-
terns create resistance to new technology and
its import from developed countries.

Workers from different Indian states dis-
play a bewildering social, cultural and
economic diversity in spite of the Indian
tradition to create unity among diversities.
This diversity enables the Indian to adapt
himself more easily to alien traditions char-
acterized by machines and working environ-
ments; adaptation may, however, be incom-
plete because some aspects of traditional
social, particularly culinary, traditions are
tenaciously maintained. It must be
emphasized that it is not possible to obtain
a complete picture of the culture of a
community without living in its midst for
years.

Michael Madhusudan Dutta, a famous
Bengali poet and writer, wanted a thorough
knowledge of English culture. He had
the ambition to become a famous poet in
English. To this end, he even married a
European. In spite of it all, he was thorough-
ly dissatisfied when he found that he was still
dreaming in Bengali, unable to dream in
English. Similarly, innate social and cultural
backgrounds will markedly influence the
successful application of ergonomic prin-
ciples. Thus, it must be recognized that it
takes time and modification of established
criteria before imported technology can be
applied.

Peoples of many developing countries
have a tradition of simple living but high
thinking. In rural areas, especially, they wish
to devote a greater part of their lifetime to
stand and stare and to derive enjoyment
from their work. This is in stark contrast to
the more hectic lifestyle of the industrialized
West characterized by the ‘rat-race’ and

consumerism aimed at achieving an ever
rising standard of living. Most Indians, for
instance, use washed hands instead of cutlery
at mealtimes avoiding the need for eleborate
washing-up machines but making use, tra-
ditionally, of cold water, a desirable com-
modity in itself in a hot country but not in a
cold country. Nobel laureate poet Rabindra
Nath Tagore remarked ‘When one takes
food with knife and fork it is as if one is using
an interpreter while making love, while when
using fingers to put food into the mouth it is
like courtship before marriage.’

Indians are predominantly right handed.
Our preliminary study (Sen 1952, unpublished
data)indicated that only 1% of the population
is left handed, whereas this figure is con-
siderably higher (10-20%,) in some developed
countries (Ainsworth 1983). This might have
resulted from the social ethics of using the left
hand for toilet purpose and for performing
inferior types of work only, thus forcing the
child towards right handedness. In con-
sequence, the problems of designing right-
and left-handed implements and tools are
alleviated. In addition, in a country which is
so predominantly right handed there may be
different motion stereotypes. Once again it is
important when recommending the transfer
of technology that these considerations are
taken into account to produce necessary
product modifications.

An example from a different area is the
safety poster. A poster design based on
Western social and cultural norms depicting
the diversion of attention by a scantily
clothed lady had to be withdrawn from a
factory in India because of the strong social
objections against such obscenity. Safety pos-
ters to be effective, and indeed other forms of
educational communications, must harmon-
ize with the cultural and social norms of
workers.

The practice of wearing only a short loin-
cloth leaving the upper part of the body
uncovered may seem to demonstrate poor
socioeconomic status but is probably highly
advantageous for thermo-regulation, mini-
mizing heat stress in hot environments in
which radiation heat load does not
predominate.

It is interesting to note how local social
customs or community habits may solve
some problems; for example, in one Indian
state it is customary, in a bus with no
available seat, to sit on the lap of another
passenger and so on in succession as the bus
becomes progressively overcrowded. This
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helpful behaviour seems to be confined to
one state only and has not spread to the
neighbouring communities.

The symbolism of colours may also differ
from country to country, red, which indicates
danger in Western countries, symbolizes
auspicious events in India.

The art of Asian developing countries
emphasizes curves or non-linear forms,
whereas in the West rectilinearity predomi-
nates in geometric forms. These contrasts
should be taken into consideration when
developed countries export their goods to
the developing world.

6. Agricultural and unorganized
workers

Unorganized workers, including those in
agriculture, have many problems which
could be solved using ergonomic principles
but unfortunately very little is done. In our
own studies on agricultural workers, we
found more objective methods for the scaling
of workrate and efficiency, based on biolog-
ical parameters (Sen 1982b). Moreover, we
made improvements in the design of simple
implements such as the plough, sickle,
shovel, spade and hat (Sen 1979, Sen and
Bhattacharyya 1976, Sen and Pradhan 1978,
Sen and Mazumdar 1978) (figure 4).

bangles by machine (Sen et al. 1975, 1976 a).
We extended our study to investigate the
problem of achromatopsia (colour blindness)
in these workers (Pickfdtd et al. 1978, 1979,
1980, Sen et al. 1976b). Our study of un-
organized porters who carry loads well
above the recommended weights of up to
three times their own body mass, suggested
rationalization of work and proper work-
rest cycles (Sen and Nag 1975).

Our studies of tea-leaf plucking (Sen and
Chakraborty 1979, Sen et al. 1980, 1981,
1983) indicated that the application of
ergonomic principles resulted in: (i) a reduc-
tion of workload and improvements of work
methods, (ii) a recommendation for the selec-
tion of bush dimensions, (iii) the design of a
new ventilated hat and (iv) an improvement
in the selection of workers. We were able to
show, for instance, that simple monochroma-
tic (red or green) glasses could help female
workers distinguish the desirable young
shoots from the dark background, resulting
in an increase in plucking rates (Sen et al,
1980), with improvement of quality.

In India, which has a labour-intensive
economy and a natural mistrust for autom-
ation, the application of ergonomics could
ensure that individuals are utilized efficiently
without exploitation, avoiding detrimental
health consequences and yet proving advan-

Figure 4. Improved design of a shovel in operation.

. We also succeeded in using ergonomic
principles to improve the working conditions

of artisans whose job involved the use of °

conch-shells to make ladies’ jewellery. We
used work-and-time study to compare exist-
Ing manual methods with those used to make

tageous to the system. While labour may
often be the most prolific resource, to waste it
is to add expense, on the other hand, the use

- of muscles to perform moderate levels of

physical work does keep individuals fit (Sen
et al. 1973).
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7. Small-scale and cottage industries

Many traditional crafts are disappearing
from developing countries as a result of rapid
industrialization. It is important that efforts

<sare made to preserve traditional production
in the so-called cottage industries.

In analysing the impact of strained in-
dustrial relations on the sickness of industry,
it clearly emerges that some units could
sustain a number of workers on relatively
low wages. When the level of wages started
rising by collective bargaining or by virtue of
neutralization of the larger pay-packet by the
increased cost of living, the productivity
element becomes very important and unless
productivity rises pari passu with the rise in
wages, the economics of the scale of produc-
tion cannot be maintained. While large- and
medium-scale industries have some resilence
to bear the higher wage cost, small establish-
ments gradually disappear from the scene.

In developing countries one of the im-
portant problems is to achieve cheap energy
sources. In India a huge amount of wood fuel
is used. In the small-scale production of
plywood, the cost of energy is critical and
solar radiation is used to dry the wood
shavings. This requires a great deal of phys-
ical work in spreading and collection but the
application of an ergonomic work method
makes for enough efficiency to make the
method competitive with other arrange-
ments of drying wood (figure 5), furthermore,
larger number of workers are employed and
it is unneccessary to purchase costly ovens.

8. Design ergonomics

In India, today, 75%, of urban and 987, of
rural freight moves by bullock-cart, more
than 90% of all urban transport is non-
motorized. Improvement of the design of
such a transport system is a challenge to
ergonomists, bearing in mind that mere
motorization may be prohibitive because of
the increasing cost of oil-based fuel.

Even motorized transport, however, does
need attention; public buses especially the
double-deckers of urban areas, are copies of
London buses. They were originally desig-
ned for use in cold climates and unmodified
they are, therefore, unlikely to be suitable in
heat. Local buses, on the other hand, run by
private owners, are more appropriately de-
signed with wooden roofs and drop windows
of considerable area. There is thus much
scope to improve the design of the former
(Sen and Nag 1973). There are also enough
suggestions for reducing overcrowding of
buses and trains (Sen and Nag 1974). In a
related field, studies on the design of railway-
engine cabs suggested many ways for impro-
vement (Sen and Ganguly 1982 a,b) to make
them fit for local Indian conditions.

Design of (pedal-operated) cycle or hand-
pulled rickshaws (figure 6) may be improved
by the judicious application of ergonomic
principles (Sen and Basu 1977). Rickshaws
have certain overriding advantages—they do
not use fossil fuel, nor pollute the air, they
can, among other uses, become emergency
ambulances or be readily used for load

Figure 5. Use of solar energy to dry wood shavings in plywood industry.
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Figure 8.~ Indigenous designs of bamboo ladder and head gear by building construction labourers.
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carrying, and they become the mode of
carrying passengers during the monsoon in
the water-logged streets of Calcutta (figure
7), when more sophisticated autorickshaws
are immobile.

On another tack, the design of imple-
ments such as the shovel (Sen and Bhatta-
charyya 1976) (figure 4), spade (Sen and
Pradhan 1978, Sen et al. 1979) and sickle for
agricultural work, and beater, pick-axes and
ballast rake for the maintenance of railway
tracks, are examples of improvements made
with designs based on ergonomic principles.
These modifications may help improve pro-
ductivity. Head gear made up of a gunny bag
pad used by building construction labourers
and home-made bamboo ladders (figure 8)
are examples of simple, low-cost indigenous
designs adapted to the situation through
naturally evolved applied ergonomics.

9. Improvement of working conditions
and safety

Optimal indoor climatic conditions are
most efficiently achieved by relying on struc-
tural features of the building itself, intro-
duced at the design stage. This approach may
obviate the need for any mechanical device,
such as fans or air conditioning, to control
conditions (Sen 1982 a).

Thermal stress and workload studies
were performed in a soap factory (Sen et al.
1964b), and it was found that by simply
opening a portion of the wall, allowing
natural cross ventilation, very uncomfor-
table conditions were transformed to become
very confortable. Similar studies in textile,
steel (Sen et al. 1964 a, 1966) and jute mills
(Sen and Mazumdar 1982) have resulted in
considerable insight into ways of improving
workload, thermak stress and safety. Simple
observations can lead to profound changes.
In many situations it was observed that bad
working conditions were produced by
windows being hinged on the wrong side so
that when opened air movement was de-
flected outwards; simply reversing the hinges
markedly improved the natural ventilation
(Sen 1982a).

Noise may produce hearing loss and lead
to deterioration and increase in physiolog-
ical costs (Gupta et al. 1965, Sen 1967). Noise
reduction is expensive, instead low-cost ear
protectors could be used. When noise is
distracting and workers have to perform
mental work with minimum error, they can
be trained to concentrate, not allowing
annoying noises to reach consciousness. In

the social and cultural background to which
Indian workers belong, such training can
easily be carried out with benefit to the
worker and to his work (Sen 1967).

The scale of the use of human resources in
developing countries is enormous and it
must be obvious that very small improve-
ments in working conditions, implements,
tool design or work methods can lead to
large benefits. In India, the majority of
industrial workers are recruited from
agriculture, their high level of absenteeism at
particular seasons may be explained by their
dual life—attending at the appropriate
season to their agricultural work in the
villages, returning only to their abnormal
industrial occupation during the lean
months. Improvement in shift-work systems
(Sen and Kar 1978, 1979, Sen et al. 1982) is
necessary for betterment of the quality of
working life.

One further problem faced by the people
of so many developing countries, such
as India, is the menace of pests such as
mosquitoes. Can ergonomics help to show a
way to eradicate mosquitoes applicable to a
developing country? Conventional methods,
such as the application of pesticides, may
bring their own problems of pollution and
the mosquitoes becoming immune,
moreover, they are expensive. The menace of
mosquitoes is so great that it is estimated
that every year in India about Rs.10 million
($1 million) worth (at blood bank price) of
human blood is sucked, furthermore the
misery and deaths resulting from mosquito-
borne diseases, such as malaria, filaria and
encephalitis, are colossal. Fish such as Labis-
ter reticulatus and Gambasia affinis eat mo-
squito larvae and are used in eradication, but
their utility is limited since no such fish can
be cultivated in the small pot-holes or ditches
which are the breeding ground of many
mosquitoes. As an ergonomist in a develop-
ing country I often pondered this question
trying to devise simple and inexpensive so-
lutions. I observed that a man in a heavily
infested locality, inside a mosquito curtain, in
the dark, attracting the insects (figure 9), can
squash them between the two layers of the
curtain; thus, using a fraction of his capacity
for a few minutes a day he can eradicate
between 0-03 and 0-1 million mosquitoes per
month. Maybe this can be a fairly efficient
method of control n a developing country
which has ample human resources. Such a
method makes use of the advanced know-
ledge of mosquito behaviour and physiology
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Figure 9. Attracting mosquitoes and killing them manually.

such as their swarming, photophobia, and
their infrared sensors. Such a simple idea
allows scope for further improvement, for
instance, a high-speed table fan placed out-
side the mosquito curtain not only provides
good ventilation but also kills hundreds of
mosquitoes.

10. Training

In India, as elsewhere, the education
system has come under severe criticism
because of its perceived failure to make
adequate links between education and work.
The time may now be ripe to examine
whether our education system has helped to
improve living conditions in general or has
merely created a largely unproductive con-
sumer class. The school of tomorrow in a
developing society could act as a centre of
exchange for information on prevalent social
practices from different parts of the country
and be the instrument to make the choice of
the most effective ones for the particular
community it serves. It has been suggested
that like our traditional mode of training,
imparted by craftsmen to their children,
training programmes should be organized in
such a way that local craftsmen (carpenter,
mason, tailor, weaver, workshop mechanic,
cic.) can be used. on a part-time basis, to
train children in school in their respective
skills. A substantial part of the resources,
such as those from the National Council for
Educational Research and Training, could
be used to prepare teaching aids and
materials to be used by teachers and commu-
nicators for such mass education. However,
such apparently radical concepts are not
€asy to get over to the administrators of our
educational system.

In a country where 80% of the people are
engaged in agriculturc. less than 5%, of

scientific and technical personnel specialize
in this subject, and of that 5%, a bare 109, are
engaged in research and development. Less
than 1 in 100 million in India have the chance
to specialize in ergonomics at postgraduate
level. It is, therefore, important that the
training programmes for workers (agricul-
tural and industrial), trade union officials,
managers and executives, government off-
icials and the common man are formulated
to have suitable links with reality making
optimal use of our precious and rare exper-
tise for specialized fields. Mass media could
be used much more effectively to bring
awareness and application of ergonomics to
ordinary people.

Many of the courses in science and
technology in developing countries are
started on borrowed curricula. Moreover,
various teaching institutions are supported
by Western countries whose technology is
capital-intensive and labour-saving. These
curricula and the institutions are naturalty
heavily influenced by that particular mode of
operation. As a result, they do not have much
relevance to reat-life situations. Programmes
for education on ergonomics with special
reference to developing countries should be
started in schools. The Schools’ Ergonomics
programme in Scotland, as suggested by
Andrews and Kornas (1982), would prob-
ably have to be substantially modified to
make it suitable as a guide for Third World
schools.

Ergonomics may have an important part
to play in overcoming language barriers in
technical training; for instance, instructions
could be effectively presented in a symbolic
language, particularly for complex devices
such as public telephones or ticket machines
which are often presented to people who lack
any technical background.
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’II. Conclusions and recommendations

Ergonomics in developing countries may
be applied in two ways: (i) fast, short-term or
(ii) longer-term effects. For short-term app-
lication the following areas need attention:

(1) Design of mass low-cost housing,
schools and hospitals to replace exist-
ing designs, both for rural and urban
areas.

(2) Design of low-cost personal and pub-
lic transportation systems for rural
and urban areas and the concurrent
improvement of existing systems
such as bicycles, rickshaws, hand-
carts, bullock-carts, wheelbarrows,
buses, trams, railway coaches and
drivers’ cabins, to make then suitable
for local conditions.

(3) Improvement of the design of agricul-
ture and industrial tools and imple-
ments such as ploughs, sickles,
threshers, water lifting arrangements,
shovels, spades, pick-axes, beaters,
ballast rakes, etc., and personal pro-
tective equipment such as hats,
gloves, work wear, etc.

(4) Design improvements of consumer

products to ensure increased relia-

bility and ruggedness and to facilitate
repairs in cases of failure.

Education through mass media

heightening awareness of some

simple concepts and applications of
ergonomics aimed at improving
everyday life.

(&)

~—

The following ideas, are suggested with
the longer term in view:

]
(1) Surveys should be undertaken to
establish anthropometric, sensory
and motor ability norms of local
populations to include sex and age
differences. Habitual activities in dif-
ferent areas of the country of different
ethnic groups should be assessed
using the same standardized
methods.
Research to develop heat-stress in-
dices suitable for use in India should
be undertaken and, more import-
antly. there needs to be greater em-
phasis on examining how managers
at local level could apply them in the
field.
(3) Ergonomics resources for proper
work organization to eliminate and

2

~—

reduce the deleterious effects of vari-
ous types of monotonous tasks and
shift work should be undertaken.

(4) Long-term research should be init-
iated to establish threshold limits
values of toxic substances under the
particular work conditions in India.

(5) A start should be made to apply the
fruits of ergonomic research to small
undertakings, to unorganized
workers and co-operative organiz-
ations and communities such as fish-
ermen, blacksmiths or potters, who
still make up a large part of India’s
work force.

(6) Known safeguards should be applied
for improving safety to reduce acci-
dents. Attempts should be made to
design standardized signals and sym-
bols to be used in instructions for
day-to-day operations in industry
and agriculture, which can be applied
in spite of low literacy levels, diverse
traditions, socioeconomic status, cul-
ture and languages.

(7) The researches recommended here,
with their long-term aims, might be
co-ordinated in a single institute,
with the advantage of long-term sta-
bility and a strategic rather than a
tactical view point. Furthermore,
such an organization would serve to
concentrate scarce expertise.

It is heartening to learn that at Lulea
University in Sweden, an Institute of
Ergonomics for Developing Countries has
been established and that the International
Labour Organisation has also taken some
initiatives in this field. These are portents for
the future signalling progress for the applic-
ation of ergonomics in the aid of
development.

As members of industrially developing
countries, our choices and possibilities are
severely constrained and within these
inescapable limitations we have to do the
best we can, and we shall always look to
industrially developed countries for all the
help that they can offer.
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Rabindra Nath Sen, 12/12/95 18:49, letter

To: cottura@cnam.fr

Subject: letter

From: rnsen@cubmb.ernet.in (Rabindra Nath Sen)
Date: Tue, 12 Dec 95 18:49:10 IST

Dear Prof.Dr. Wisner,

Today I received your kind Email letter dated 7th.December,
1995 which has been so kindly recovered by Prof.Thakur as
the address of my email name was given wrong "fnsen" instead
of "rnsen". I think your original email has been returned to
you. I am also not sure whether your Email address is correct
or not. However, I would find it if this email is not returned.
We are very much grateful that you have so kindly agreed to
deliver the Keynote address as well as act as a Foreign Faculty
in the Pre-Symposium workshops. Your topics are also very
suitable. We would discuss with the members for their efforts
in extending all the possibilities of local hospitalities we

could extend. I would write to you by Email or by Air Mail in
detail. With Seasons' Greetings and kindest personal regards,
Yours sincerely,

Robin, 12th.December,1995,




CORSERYATOIRE
Nt N AT
D E SwumR 1B
B METHFEES

ERGONOMIE ET
NEUROSCIENCES
DU TRAVAIL

Paris, December 7, 1995

Prof. Dr. R.N. Sen, D.Sc.
Professor and Head of

Ergonomics Laboratory

HB - 260, Sector - 3, Salt Lake City
Calcutta, 700 091 India

E-Mail

Dear Professor Sen,
Dear Rabindranath,

Since I wrote to you recently, I have received two documents which answer my
questions.

The Registrar of the University of Calcutta sent me Mr Samit Kumar Mitra's thesis. 1
shall try to read it quickly and send the report requested to the Registrar and yourself.

I also received an official invitation to present one of the Keynote Addresses to the
Symposium that your are organizing in New Delhi on November 25 to 28, 1996. You
also suggested that I should take part in the pre-Symposium Workshops. I am very
flattered by these two invitations and am delighted to accept.

As regards the themes I could tackle, in the Keynote Addresses my first reaction would
be to mention the problems encountered and the successful development of ergonomics in
industrially developing countries, especially those, like India, which have developed
rapidly and are sometimes referred to as New Industrialized Countries to demonstrate the
power and originality of Indian development in which your role has been - and still is -
predominant.

Along the same lines, but using a different method, I could dedicate a workshop to
technology transfers seen from the anthropological angle.

However, I am not sure that my suggestions are right; I think it would be more
reasonable for you to take a look at the texts I published recently in English so that you
can make the choice yourself.

You mentioned the financial problems raised by such a participation. Thank you for
whatever you can manage, without creating a burden on the financing of an International
Congress that is always difficult.

I am sure I can pay my flight ticket and possibly my accommodation costs without any
difficulty. As regards the inscription fee, see what you can do. Perhaps this decision
could be left until I arrive in New Delhi.

I look forward to meeting you again and wish you all the best in this exciting but difficult
initiative.

LABORATOIRE
D'ERGONOMIE

41, RUE
GAY-LUSSAC
75005 PARIS

TELEPHONE
(1) 43 5418 27
TELECOPIE

A w

Truly yours.
A. Wisner

N.B. In another mail you will find some 15 texts which partially reflect my recent
activity. There is not always an English version of what I write.



Fax @ (491 -33) 241-3222
Telex : 921 - 2752 UNIV IN

Phone : (491 - 33) 350 - 1397 / 56387
(+91-33) 350 - 6396 / 8386

ERGONOMICS LABORATORY

DEPARTMENT OF PHYSIOLOGY

UNIVERSITY OF CALCUTTA
From :
Prof. Dr. R. N. Sen, D.Sc. (Cal)
Professor and Head, Ergonomics Laboratory

University Colleges of Science, Technology & Agriculture
Please Reply to - HB - 260, Sector - 3, Salt Lake Citx, - .

EMsil No. : Fo 8k Gibanb, amet, in INDIA
Ref. No. PHY/ERG/RNS/ ISE=QOH-SE/95 Dated.....200..0¢t.,.... 1995

Dear Prof.Dr.Wisner,

* I am enclosing herewith the official letter of invitation
to you Ror kindly delivering the Keynote address at the 2nd ISE-OH-SE.

I am also to request you kindly to set as a Foreign Faculty
in the Pre-Symposium Workshops to deliver one or two lecture-cum-
demonstrationdon the topics of your choice to the industrial
participants.

We have sent by registered post the complimentary copy of
the full proceedings of the lst ISE-OH-SE as your personal copy. Kindly
acknowledge the receipt of the copy.

* I am enclosing a flyer for the full proceedings (ISBN 81~
900508-0-X) of the lst ISE-OH-SE which has already been printed as
a 255 + x pages of A4 size hard bound volume with a price of
US § 35.00 or equivalent without the cost of postage. Will the
Librarian of your Organisation be interested in placing an order for
this book entitled "Occupational and Envirommental Ergonomics", at
an early date ?

As one of the Members of the body of the International
Scientific Advisory Committee of the 2nd ISE-OH-SE, wilil you kindly
send advices and suggestions to make the ensuing Symposium and the
Workshops a grand success ?

With kindest personal regards and very hapry Vijaya and -
Dipawali Greetings to you,your family and colleagues,

Yours sincerely,

* Enclo : as above. A
( R.N. SEN )

Hony .Secretary General,ISE-OH-SE

Prof .Dr.Alain Wisner

Emeritus Professor

Laboratoire d' Ergonomie
Conservatoire national des arts
41, Rue Gay Lussac

F-75005 Paris,

FRANCE.

LIVl £ L o 8 hE i s e e



UNDER GERTIFIGATE OF POSTING.

SECOND
INTERNATIONAL SYMPOSIUM ON ERGONOMICS,
OCCUPATIONAL HEALTH, SAFETY AND ENVIRONMENT
(ISE-OH-SE)

PHY/ERG/RNS/ISE-OH-SE/95 Dated : Tth October,1995.

Prof.Dr.Alain Wisner

Emeritus Professor

Laboratoire d' Ergonomie
Conservatoire national des arts
41, Rue Gay Lussac

F - 75005 Paris, France.

Subject : Invitation to deliver Keynote/ Plenary papers at the
2nd ISE-OH-SE to be held in New Delhi in November,1996.

Dear Prof.Dr.Wisner,

The Indian Society of Ergonomics (ISE) and the International
Ergonomics Association (IEA) are hosting jointly the Second International
Symposium on Ergonomics, Occupational Health, Safety and Environment
(ISE-OH-SE) in New Delhi from 25th to 28th November, 1996, which would
be organized by the Defence Institute of Physiology and Allied Sciences
(DIPAS). It is the most important meeting in this area in Asia. In addition
to attracting high quality scientific papers, this always has been a
prestigious event. It is the intention of the Organizing Committee to
sustain and perhaps improve the performance of this International Congress.

It is with this intention that the Organizing Committee have
decided to invite selected leading scientists around the world to deliver
Keynote/Plenary papers to set the tone of the Congress. Since you are an
internationally recognized scientist, I, the Secretary General of the
Organizing Committee, have the pleasure of inviting you to deliver a paper
on your selected topic.

As is the case in most of the conferences, the funds are extremely
limited. Although we are not in a position to offer you financial
assistance towards Air travel, we would provide you some local
hospitality. I sincerely hope this will not prove to be a deterrent for
you and funds will be available from your local sources. We wish you will
be able to join us for the Symposium and share some of your research
experiences. Will you kindly send the title of your Keynote/ Plenary paper
for the Symposium, at your earliest ?

We also hope that you would encourage many of your colleagues to
present papers at this Congress to make it a grand success. We look forward
to your positive response and to have an opportunity to interact with you
during your visit. Your helpful advice regarding the Symposium will be most
welcome.

With kind regards,
Yours sincerely

Secretlariate: (Prof.Dr.R.N.Séh)
HB - 280, Sector - 3, Hony. Secretary General
Salt Lake City, Organising Committee (ISE-OH-SE)

Calcutta - 700 091, INDIA.
E~-Mail : rnsen@cubmb.ernet.in



List of Papers, Monographs and Books of Prof.Dr. Rabindra
Nath Sen, B.Sc(Hons), M.Sc.,D.Sc.,FIIST, Professor,Department
of Physiology & Head,Ergonomics Laboratory,University Colleges
of oScience,Technology & Agriculture,Calcutta University,
92,A.P.C. Roy Road, Calcutta ~ 700 009, INDIA.

(Mailing Address s Moheam Bagan—tame; Catcutta—F06—0045TNDIA)
(B 260,5ector-II1I,Bidhannagar,Calcutta-700 091,
INDIA).

1, Sen, R. N. : Special work-wear and protective clothing for Indian
furnace workers, Proceedings of the International Conference
on Human--Environment System, held at Tokyo, Jajyan, from 3-7
December, 1991, ;

2. oven, R, N, : Personal protective devices for workers working in
radiant and hot environment in India, Proceedings of the 2nd
International Symposium on Clothing Comfort Studies held at
Fuji Education Training Institute, Japan, from 30th November
to 2nd December, 1991,

3. Sen, R. N, : Some failures and successes in Ergonomics' role in
India, Proceedings of the 13th Asian Conference on Occupational
Health and the 3rd Conference of South-East Asian Ergonomics
so0ciety held in Bangkok, Thailand, from 25-27 November,1991,

4, oen, R.N. & sadhukhan,A,: Pre-selection of shift workers by
questionnaire technique, Proceedings of the International
oymposium on Shift-work and Job Demands,held at Paris,from
11-12 July, 1991, B, 104-108, 1991,

5. woSen,; R. N. and Ghosal, S. : Designing a road accident surveillance
system - An ergonomic approach, Proceedings of the Interna-
tional oymposium on Ergonomics, Cccusational Health,Safety &
Environment,held at Bombay, from 2-6 Jan,1991,P,15-2,1991,

6. oen, R.N, and Zangopadhyay, 5. : Ergonomics study on MM acci-
dents in the unorganised sector in Yest Bengal, Proceedings
of the International Symposium on Ergonomics, Occujational
Health, Safety and Environment, held at Bombay ,from 2-6
January, 1991, P.15-1, 1991,

7. Sen, R.N, and Chakrabarti, D. : Ergonomic leg-cover as a
safety device in Indian Agriculture, Proceedings of the Inter-
natinonal Symposium on Ergonomics, Cccudcational FHealth,Safety
& Environment, held at Bombay from 2-6 January, 1691, P,.7-95,
1991,

8., Sen, R.N. and Das, S, :
Ergonomics, Occupational health and safetv imorovements for
Manual Metal Arc Welders, Proceedings of the Internatinnal
Symposium on Erconomics, Occupational Health,5afety and Environ-
ment, held at Bombay from 2-6 January, 1991, P,6--2,,1991,

9. Sen, R, N. : Ergonomics and its application in industries ..
of developing countries, Proceedings, Pre-Symjosium Workshop-
cum-Training Programme on Ap>lications of Ergonomics,0Occu-
pational Health and Safety in Industries of Developing
Countries, neld at Bombay from 28-31 Dec,1990,P,1-6, 1990,

10. osen, R.N. and Chakrabarti, D. ¢ An ergonomic study on sickle
designs for a reaping task in Indian agriculture, Proceedings
of the Ergonomics society's Conference at the Reading
vniversity, UK, held from 3-7 April, 1989, In 3 Contemporary
Ergonomics - 1989 (Ed.E.D.Mcgaw), Taylor & Francies, London,
P.313 - 317, 1989,
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Sen, R.N. and Gangopadhvay, S. : Ergonomics study on accidents
during manual material handling (MMH)an Engineering factory
in Jest Bengal, Ind. J. Physiol, & Allied Sci,. 43 3:113-118,
1989,

Sen, R, N. and Gangopadhyay, S. : Ergonomics study on reportable.
accidents during different activities of Manual Material
Handling in an Engineering factory in West Bengai. In :
Procecdings of the National Svmposium on Physiology of Yuman
Performance (24-26 Sept. 1987, Defence Inst,of Physiol. &
Allied oci,, Delnhi, ., 40, 1989,

Sen, R.N. and Pal, D, :
A new Ergonomic method for postural analysis., Ii:;Bio-mechanjcs
(Ed.K.B. Sahay & R.K. Saxena), ifile Eastern Ltd,,(New Delhi),
P. 226 - 270, 1989,

Seny,R.d. 2
Examples of low-cost im:rovements in working conditions and
environment, work methods, occupational health and safety
at the enterprise level in llest Bengal, In : Low-cost ways
of imguroving working conditions - 100 Examples from Asia
(Ed. by K. Kogi,,#.0. Phoon & J.E,Thurman),International
Labour COffice, Geneva, P,179, 19€8,

sen, R.,N.
ﬁesearch focus and persvectives on work-related neck and
upcer—limb disorders in India, Proceedings of the 10th
International Erconomics Congress, held at sydney,Australia
(1-5 August, 1988), Vol.2, Ergonomics in Develo-ing Countries,
P.402, 19g8,

sen, R.N. : Erconomics design of some tools for manual main-
tenance of Railway tracks in India, Proceedings of the 10th
International trgonomics Congress, held at Sydney,Australia
(1-% August, 1988),Vol.I ,Ergonomics i.: Developing Countries,
P.227 - 229, 19868,

sen,R.N. and Chakraborti, D. 3 A new erconomic float-seat for
improvement of paddy cultivation in India, In :& trgonomics
in Developing Countries ¢ An Internatinnal Symuosium,
Occupational Safety and Health Series Wo.58,International
Labour Office, Geneva, P. 419.-427, 1987,

Sen,R.il. and Dutta, N.C. s An Erconomic desicn of low-cost
vrotective work clothing for furnace workers, In :Erconomics
in Develooing countries : An International Symposium,Cccu—
pational Safety & Heal th Serves No,.D8, International Labour
Office, Geneva, P,222-223, 1987,

Kogi, K. and Sen, R.N., : Third Jorld Ergonomics,International
Reviews of Ergonomics, (U.K.), 1 : 77 - 118, 1987.

De, A, and sen, R.N. 3 Ergonomic evaluation of nloughine
orocess of paddy cultivation #n India, J. Human Ergology,
A5 424 OG- SN0, STYO'R6

sen, R.N. : Case studies to improve working conditions throuch
technological choices in saiall-- and medium-sized {Food
pwroceesing, Textiles and Metal Working) enterprises in ¥

Hlest Bengal, In : Improving working conditions in small enter-
prises in developing Asia, Ed.bv K.Kogi,International Labour
Office, Geneva, o5. 138, 198%,



‘22, Sen, R,N., and Dutta, N.C. : An Ergonomic design of low-cost
orotective work-clothing for furnace workers, In : Proceedincs
of the International Symposium on Eraonomics in Developing
Countries, Jakarta, 18-21st Nov, 1985 (Geneva : Internationnal
Labour Office).

23, »en, R.N. and Chakrabarti, D : A new ergonomic 'Float-seat' for
improvement of paddy cultivation in India., In :; Proceedings
of the International Symgosium on Ergonomics in Developing
Countries, Jakarta, 18-21st Nov. 198% (Gensva :International
Labour Dffice),

24, Ser.,R.N. and Dhrattacharya, 5. : Evaluation of an Eronnomically
designed shovel, In ¢ Proceedinas of the International
symeosium on Aulied Physiology & Ergonomics, 1983,Vol.II,
Inc, J,. Piaysiol, & Allied Sci,.,, 38 : 130 -- 134, 1984,

25, Sen,R.il, ,;Ganguli, A,K. and Chakrabarti, D. :
some antaropometric consicerations related to Indian Railways
Locomotive Drivurs, In : Proceedings of the International
symposium on Apgolied Physiology & Ergonowics, 1983,Vol.1I,
Ina, J, Physiol, &« Allied Sci.,, 38 : 106 - 113, 1984,

26, ben, R,N, and Chakrabarti, D. 3 A new erconomic design of a
'Desi' plough. In ¢ Proceedings of the International Symyuosium
on Ap_ lied Ffhysiology & Ergonomics, Ind.J.Physiol, & Allied
oci., 36 : 97-107, 1984,

27.5%en,R.N, and De, A, 3 Ergonomics study on sheafing in paddy
cultivation in India, Proceedings of the International
oymposium on Apulied Physiology & Erconomics;Ind.J.Physiol,
& Alliea 5ci, 38 ; 85-94, 1984,

28, sen,R,N, and Kar, A. : An ergonomic study on bambro handicraft
workers, In s Froceedings of the Internatinnal Svmposium on
A.plied Physiolooy & Ergonomics,; Ind, J. Phvsiol, & Allied
Sl 38 00697~ T7, 71984,

29, Sen,R,N, and Ghoshthakur, D, : Ergonomics studv on work-rest
cvcle, physiological responses and production rate of hand-
loom—weavers in Jest Bencgal - Proceedings of the International
oymo osium on Aplied Physiology & Ergonomics,Ind., J.Phvsiol,&
Allied oci, 38 5 47~53, 1984,

30, Crockford, G,+#.,, Sen,R.in. & spencer, J. : The desion of work-
wear and protective clotaing for use in the trogics, Ibid,
P 35 H=01 435719845

3i. S5en, R,N. Bakshi, D.F. & Ray, J.X. : Evaluaticn of mechanical
oroperties of total elbow prosthesis -~ Proceedings of the
International oymposium on ?.plied Physiology ¢ Ergonomics,
Ina.J.Phvsiol., & Allied G5ci, 38 : 23 - 27, 1984,

. Sen;R,N.,and Roy, J.K. : Portable sclar radiometer for field
studies in Ercgonomics - Procezsdings of the International
symposium on A gslied Physiolog: & Zrgonomics,Ind.J.Physiol, &

Allied seci. 38 5 11.-722,:1984,

33. Sen;R.MN. De; A,, Ga guly, A, and Chakraberty,D. :Anthropometry
in relation to ergonomics of % walking for work study
apolication in Indian agricultural workers, Eroonoimmics (UX),
1984,

34, sen,R.N.: Ap,:lication of Erconomics to industrially dcveloping
countries ~ Tne Ergonomics society Lecture 1983 delivered at
the Churchill Collecge,Universit: of Ca bridge,England, on
24th March, 1983, Ergonomics (UK), 27 1 1021-1032, 1984,
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Sen, R.N. : Ergonomics research and application in India ~
Paper presented at the First International Conference on
Ergonomics of Developing Countries held on June 16-17, |
1983 at Lulea University, Sweden, Proceedings of the Sympo-
sium, C.DC, P,.28-29, 1983,

Sen,R.N. and Ray, G.G. : Determination of whole body centre
of gravity iin Indians, Journals of Human Ergology(Japan),
12 : 3-14, 1983,

wen,R,N.,Ganquli,;A.K, ,Ray,G.G.,De,A, and Chakrabarti,D. : Tea-
leaf plucking -~ workloads and environmental studies,
Ergecnomics (UK), 26 : 887 §93, 1983,

Sen,R.N., : Physiological adaptation of people in tropical
countries in some of their anthropometric dimensions in |
relation to thermo~regulation;Proceedings of 'he International
Conference on Human Genetics and Adaptation held from lst
to 3th February, 1982, at the Indian Statistical Institute,
Calcutta, Volume 2, P,149-1%6, 1983,

£

sen, R.N. 3 Apslication of Ergonomics in the design of factory
and equipgment for tropical conditions - Paper presented at
the ILO Asian dJorksho> on the Role and Potential of Ergonnmics
for the Imorovement of wWorking Conditions & Environment held
from 13th to 16th September, 1982, at Singagore.

oen,R.N, & iiajumder, D, 3 Ergcnomics in relation to Occupational
safety & Health in Jute Industrics in Eastern India -
2roceedings of the 10th Asian Conference of Occupational
Health (held from 5th to 10th ceptember, 1982, at Singapore)
P. 289-298, 1982, ;

sen, R.N., Kar, k.R., Roy, J.K. & Ganouly, A.K. : Individual
differcnces in adapting to mx si:ift work - Proceedings of the
6th International Symposium on Night and Shift-work held
from 30th Aug. to lst Sept'82, at Kyoto,Japan, Proceedings-
Journal of Human Ergoloqv 1ll,5uppl,:57--65, 1982,

SenyR.N.: Anthropometry in relation to Ergonomics of walking Tor
work study ap.lication in Indian agricultural workors—
Paper  resented at the session of 'Motinn & Zait' of the 8th
International Ergonomics Congress held from 23rd to 27th
Aucust,;1982,at Tokyo,Proceedings—Ergonomics(UK),25:577,19£2,

-en;R.N., : Certain ergonomic princijgles in the desion of fac-
tories in hot climates,Proceedincs of the International
symposium on Uccupational Safety,Health and ~“orking Condi--
tions, bpecifications in relatinn to Transfer of Technonloc
"to the Developing Countries (held from 23-27 November,lQGag,
International Labour Office,Geneva,P.123~147,1922,

Sen,R.N. and Ganguli, A. : An Ergonomics anzlysis of Railway
Locomotive driver functions in India. Journal of Human
Ergology (Japa:i), 11:187-202, 1982,

sen;R.N. and Ganguli, A,K. 3 Preliminary Investigations into
the Loco-man factor on the Indian Railwavs,Anplied
Ergonomics (UK), 13 : 107-117, 1982,

Sen, R.N., : Ergonomic evaluation and desicn of Railway loco-
motive driver's cabins in India. International Bullctin
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47. Sen, R.N. : Ergonomic study of different tasks performed by
Indian agricultural workers for improvement of productivity,
International Bulletin of Current Research in Anthropometry,
Ed. Dennish Thompson, University of Aston, England,P.44,198l,

48. Ray,G.G.,%en,R.N.,Nag,?.K,,De,A, and Basu, 5 : Relationship
between segmental and whole body weights and volumes of Indians,
Journal of Human Ergology (Jagan), 10 : 35-48,1981,

49, Sen, R.N., Ganguli, A.X,,Roy,C.G,,De,A. and Chakrabarti,D.:
Ergonomics studics of tea-~leaf plucking operations - Criteria
for selection and categorisation, Ap.lied Ergonomics (UK),
12 2 83=85 191

%0, sen,R.M.,Ganculi,A K. Roy,G.G, ;De;A, and Chakrabarti,D.: A
preliminary ergenomic study on tea pluckimg operations, Two
and a Bud, TRA Journal, 27 : 74-80, 1980,

51, Sen, R.N., ; The transfer of technoloqy and ergonomics - Part IV
of the Heport to the Government of Irag on the work of ‘he
ILO/4H0 multidisciplinary Mission (17 Noveuber -- 14 December,
1978), for Internaticnal Yrogramme for the Improvemnent of
working conditions (+IACT) - IACT/MDT/11, Internatinnal
Labo>ur Office, Geneva, P. 69-78, 1980,
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Pickford, R.W., Pickford, R., Bose, J., Joardar,3.B.,Nag,P.X.,
Ray, G.G. and Sen, R.,N. : Incomplete achromatopsia in Bisanupur ;
genctics and heterozygote problems, In Colog vision Defici-
encies, Vol,5, Ed., : G ., Verriest,Chapter 5, Adam,"ilger Ltd.,
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53. Nag, #.K., and sen, R.N. : Ergonomic cost of som@ heavy manual
work in Bengal. Faper presented at the International 5ympnsium
on +ork Phvsiology & crgonemics ..¢ld at Calcutta from 1--3
Novcember, 1974, Indian Journal of Physiologyv & Allied
Sciences, 33 3 122~127, 1979,

54. Sen, R.N., Basu, o, and Goswami, A : An Erconomic design of
hand--pullec rickshaw- aper .resented at the Symposium(Focal
theme) on Ajclication of Physiolocical Rescarches in the
National Welfare in the coming decade, Section of Physiology,
60th session of the Indian Scicnce. Congress, }yderabad,
Froceecings Part I11I, ?2.3-9, 1979, :

55, sen, R.N. and Sarkar, D.iJ. 2 Occupational dfilvy work load for
Indian indusfrial workers at three different thermal condi-
tions, faper presented at the International Symposium on
Jdork Physiolocy & Erconomics nzld at C-lcutta from 1-3
November, 1974, Indian Journal of Physiolocy & Allied Sciences,
33 3 78-83, 1979,

56. sen, B.N., Pradhan, C.K.2asu, S, & Ganguli, A, : An Erconomic
evaluation of designs of s5,.ades (Kodali) - pamer presented
at the Symposium (Focal theme) on Apslication of Physionlocical
Rescarches in the National ielfare in the Comimgc Decade -
Section of rhysiology, 66th Lession of the Indiian Science
songress, hyderabad, Proceedings,”.6-7, 1979,
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57. Sen, R.N. and Kar, M.,R. ¢ Circadian rhytims and adaptation
in somc Indian shift worizrs and contrnl subjcctis. Paper
presented at the Intirnational Sympyosium on Work Physiolooy
& =rgonomics held at Calcutta from 1-3 November,1974,
Indian Journal of Physiolony & Allied Sciences,33:66-75.1979.
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Nag, P.K., -en, R,N. and Ray, U.5. : Cardio-respiratory
sorformance of porters carrying loads on a tradmill,
Zrgonomics (UK), 22 : 897-907, 1979,

59. Sen,R.N. and Nag, P.K. : O_timal work load for Indians per-
forming difierent repetitive heavy manual work,Proceedings
oF the International Symposium on Work Physiolooy and
Ergonomics held at Calcutta from 1-3 November, 1974 -Indian
Journal of Physiology & Allied Sciences, 33 : 18-25, 1979,

60, Pickford, R.¥., Bose, J,,Joardar, 7.5, and Sen, RB.i., ; Colour
vision tests a.d colour naming by thirteen incomplete
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and Dr.G.W.Crockford, ILO Experts from Japan and UK on
Development of Special Work Clothing in Hot Environment in
1980 & 1984,

Worked with Prof, W.F, Floyed as a visiting Post-Doctoral
Research Fellow in the Department of Ergonomics & Cybernetics,
University of Technology, Loughborough, Leicestershire,
England, from 27th October, 1967 to 26th October, 1970,

Worked as the Indian Counterpart with Dr,.,K.Podlesak
(Czechoslovakia), ILO Expert in Industrial Physiology and
Industrial Hygiene in 1966 and 1967,
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(vi) Worked as the Principal Investigator and the Officer-in-Charge
of a research scheme entitled "Studies on Physiological Factors
Limiting Work Output of Indian Workers® under the Indian Council
of Medical Research, New Delhi, from 1lst June,; 1965 to 30th
September, 1967,

(vii) worked as the Head of the Industrial Physiology Division of
the Central Labour Institute,Bombay and guided research in
applied physiological problems in Indian industries, from May,
1962 to 25th October, 1967,

(viii)Worked as the Indian Counterpart with Dr.J,G.Fletcher(USA),
ILO Expert ia Industrial Physiology in 1964,

(ix) Worked as the Indian Counterpart with Prof. E. H. Christensen
(Sweden), ILO Expert in Work Physiology in 1962,

(x) Independent Research Work while working as a Lecturer and
Assistant Prnfessor nf Physiology in Presidency College,
Calcutta,

(xi) Worked as an Assistant Research Officer in the scheme
"Studies on Energy Metabolism under Indian Council of Medical
Research in Presidency College, Calcutta, from lst July,

1957 to 31st January, 19%8.

(xii) Worked as a Research Assistant in the same scheme from 1st
April, 1955 to 30th June, 1957, ;

(xiii)Worked as a Laboratory Assistant in the same scheme from
lst April, 1953 to 31st March, 1955,

X+ Important National and International Awards Received g

l. Awarded the Distinguished Foreign Scientist Award of 1991
by the Human Factors Society, USA, for Outstanding {
Contributions in Ergonomics/Human Factors field,

2, Awarded a Visiting Professorship in the Institute of
Conservatoire National des Arts at Metiers (Paris
Technical University), France in 1990,

3. Awarded Visiting Professorship in the University of
Wisconsin, USA and at Milwaukee University in 1990,

4. Awarded the British Council Visitorshiqf in England in
1983 and 1990, ;

5. Awarded the prestigeous Ergonomics Society Lectureship,
nominated by the Royal Scciety, UK in 1983,

6. Received the Firestone Award from the Sdciety of In«dustrial
Mecicine for the best paper of the year pubished in the
Indian Journal of Occupational Mealth, in 1966,
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~Project Report No.l, Ergonomics Labnratory,Department of
Physiology, Calcutta University, Fp. 10 -

Sen,R.N,.,Nag,P.K.,Sinha,B.P.and Roy, W S (E1GH28 S
Design of Chairs, Lecture Desk & Other Requirements of a
Lecture Theatre : Project Report No.2, Pp. 1ll,

Sen,R.N. & Nag, P,K. (1972) : '
An Ergonomic Study to Compare Different Methods for Manual
Carrying of Loads : Project No.3, Pp 14,

Sen,R.N. & Nag, P.K. {1973) :
Are the Calcutta Public Buses Ergonomically Designed 4
Pro ject Report No. 4, Pp 18,

Sen,R.N. & Sinha, B.P. (1973) 3
A Study of Ergonomic Factors at TELCO : Pro ject Report
No&Dsa EPrOeE

Sen, R.N. & Roy, U.S., (1973) : A5 '
A Study of Ergonomic Factors at AGRI® & Indian Tube Co.:
Project BReport No.6, Pp &,

Sen, R.N. & Sinha, B.P, (1973) :
A Study of Physiological Responses and Energy Intake of
Farmers at Work in the Field : Project Report No.7,Pp 9.

Sen,R.N. & Roy, U.5. (1973) :
Some Physiolocical Responses During a Six—day Walk to Digha:
Project Report No.8, Pp 7.

Sen, R.N. & Ray, G.G., (1974) 3
An Ergonomic Design of a Suitcase : Project Report No.9,
B2

Sen, R.N. & Banerjee, S. N. (1974):

An Ergonomic Design of a Shoe for Use During Summer in a
Tropical Climate : Project Report No. 10, Pp 3.

Sen,R.N. & Sadhu, A, (1974)
Ergonomic Aspects of Design of a Shirt for Use in Summer
Seasons by Local People 3 Project Report No.ll, Pp 7.

sen,R.N., Ray, G.G. & Nag, P.K. (1974) :
Physical Stress and Physiological Strains on Yorkers in a
Printing Shop : Project Regort No. 12, Pp A

Sen,R.N., & Das, A. (1973) :
An Ergonomic Design of a Simple Water Lifting Device
Pro ject Report No. 13, Pp 12,

Sen, R.N. & Bandopadhyay, B.B. (1973) 3
Ergonomic Design of a Bengali Typewriter Key Board 3 Project
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Sen, R.N. & Ghosh, J.K. (19753) :
.Thermal Comfort Zone for the People of Bengal : Project
Report No. 16, Pp 15, o

Sen,R.N.,Das,A.,Ghosh,A, Bandopachyay, B.B.,Chakraborty,D.,
Ray, G.G., Ghosh, J.K. & Nag, r.K. (1973) :
Productivity and Physiological Studies on the Conch-Shell
Artisans at Bishnupur s3Project Report Nc,17,Pp 8.

Sen,R.N.,Nag,?.K.,Ray,G.G, ,Chakraborty,D.,Das,A, ;Bandopadhyay,
B.8.,Ghosh,A.K., Ghosh, J.K. & Roy, 5. (1975} :
Improvement of Performance in Congenital Achromatopsia by

the Use of Dark Adapting Gogales : Project Report No,.,18,Pp 5.

Sen, R.N.,Nag,P.K.,Ray,G.G.,Chakraborty,D. ;Das, A.,
Bandopadhyay,B.B.,Ghosh,A.K.;Roy, S. & Ghosh,J.K.(1975) :
A Study on Human Factors at Hindustan Steel Plant at

Durgagur 3 Project Report No, 19, Pp 7,

Sen,R.N.,Ghosh, J.K.,,Ghosh,A.K,,Das,; A,,;Bandopadhyay,B.B.,
Roy, 5., Nag, P.K., Chakraborty, D. & Ray, G.G. (1975) :
Ergonomic Studies at Underground Coal Mines, Mine Rescue
Statio.n and a visit to the Central Mining Research Station
and Indian School of iiines at Dhanbad : Projcct Report
No. 20, Pp 9.

Sen,R.N. & Bhattacharvva, S.N. (1976) :
Improved Silver Suction Electrode for Studies in Ergonomicss
Project Report No. 21, Pp 6.

gen, R.N. & Dev, A. (1976) :
An Ergonomic Design of a Multipurpose Carrying Zag for
Males 3 Project Report No, 22, Pp 18,

sen,R.N., & Bhattacharyya, 5.N. (1976) :
Development of an Ergonomic Design of a Shovel from the
View Point of Increasing Productivity in hManual Mmaterial
Handligg in India : Projcct Report Nn, 23, Fp 14,

sen,R.N. & Bhattacharyva, D. (1976) :
Thermal Radiation Shield for Usce in Hot Industry
Pro ject Report ivo, 24, Zp 13,
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Sen, R.N. & Bhattacharyya, S.N. (1976) :
An Ergonomic Device to Remove Electrical Hazards
Project Report No. 25, Pp 5.
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sen,R.N,, Bhattacharyya, D., Bhattacharyya,S.N.,De, A.,
Ray, G.G. & Nag, P. (1976) :
Inspection to Some Chemical Jorks : Project Report
No L1265 PHE 6%

Sen, R.N., Bhattacharyva, S.N.,Bhattacharyva, De,A.,
Mag, P.K. and Ray, G.G., (1976) 3
A Project Study Dealing with a Visit to an Electronics
Po 5.,Equipment Manufacturing Factory:Project Report No.27,
A.,;
Sen,R.N.,Bhattacharyya, S5.N.,Dej,Bhattachary a, B} B R €10
& Nag, P.K. (1976) 3
An Ergonomic Study on Some Tea Flantation Workers
at Fulbari : Project Report No, 28, Pp 1l,

Sen,R.lN. ,De,A. ,Bhattacharyya,5.N.,Bhattacharyya, D.,Ray,G.G.
& Nag, P2.K. (1975);
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Sen, R.N. & Ghosh, S. (1977)
Design Ergonomics of a Hat, Sultable for a Tropical Climate:
Projeet Report No. 31, Pp 21.

Sen,R.N, & Biswas, U. (1977)
Are the Calcutta Postal Letter Boxes Ergonomically Designed?
Project Report No. 32, Po 20,

Sen,R.N. & Basu, C., (1977)
Ergonomic Design of a Footwear for ijorkers of a Coke Oven
Battery : Project Report No. 33, P5 31,

Sen,”R.N. & Sadhu, N. (1977)
L Simple WBGT Index MSter for Use in Factories :
Project Report No, 34, Py 13,

Sen, RN, & Goswami, A. (1977) 3
Comparison of Physiological Cost of Pulling an Ordinary
(Hand-pudled) and Cycle-Rickshaws in Calcutta and Suburbs:
Project Report No., 32, Pp 12,

Sen; R.N.,Goswami, A.,Basu, S.,Basu,C.,5adhu,N, ;,Biswas,U.
& Ray, G.G, (1977)
A Visit to a Blscuit Manufacturing Factory . Project
Report No.36, Py 10,

Sen, R.N.,Sadhu, N,,2asu, C,,Basu,5, ,Biswas,U. ,Goswami,r.,
Ray, G.G. and De, A. (1977)
A Visit to a Coal Mine and Associated Industries : Project
Report No, 37, Ep 6.

oen, R.N. ,Basu, b.,Blswas U.Basu, C.,Sadhu, N, ,Goswami,
A, Ray, G.G., & De, A (1977‘ g
A Visit to a Coke Oveﬂ Plant : Project Reyoort No.38,Pp 5.

sen;R.N, ,Basu, C,. ,Basu, b.,Goswaml, A, ,Sadhu, N.,Biswas,U.,
Ray, G.G. & Dey, A. (1977) :
Report on a Visit to a Copper Mine - A Concentration Plant
and an Extraction Plant:Project Report No. 39, Pp 19.

Sen,R.N. ,Basu, C.,)asu, S.,Goswaml, A.,Biswas, U, ,Sadhu,N,,
Ray,C GIsE ST Dor e SO 7 e
A Visit to a Copper ,oncentration ?2lant : Projesct Report
No. 40, Pp 3. :

Sen,R.N. & Ganguli, A. (1978) A
Ergonomic Design of a Sitting -- Room -- cum - Clsass Room
with Special Reference to Use of Audio-Visual Azids :
Project Report No.41l;, Pp 52.

Sen,R.N] & Pradhan, C. (1978) :
Erconomlc fZvalluation and De51gn of Different Types of
Spades : Project Report No, SRl 28h

Sen,R.N. & Ray, R.U., (1978) :
Ergowonlc Desigi of Protectlve Equipment Against
Mosquitos : Project Reoort No., 43, Pp 13,

Zen,R.N, & Bose, B.J. (1978)
Ergonomical Design of an Aluminium Stilt : Project Report
No. 44, Pp 9. :
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A Study Tour and Visit to the Central Labour Institute,
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A Study Tour and a Visit to a Pharmaceutical Factory 3
Project Re.ort No.50, #p 12,

sen,R.N.,Bose, B.J.,Pradhan, C.,Ganquli, 4., and Rav,R.U.(1978):
A Study Tour and a Visit to a Milk Dairy,Ahmedabad :
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# Study Tour and a Visit to a Textile Hill,Ahmedabad s
Project Report No. 525 'Ppi7.

2en,R.N. & Ghosh, 5. (1978) : :
Apolication of Ergonomic Principles in the Desicn and
Setting up of a FPharmaceutical Factory:Projcct Renort
No.33, Pp 30,

Sen,R.N. & lajumdar, D, £1978)
An Ergonomic Modificatign and Design of a *Jhapi!
(Agricultural Farmer's Hat) ; Pro ject Regort No,.%4,Pp.13,

Sen,R.N. & Dhara, P, (1979) :
Ergonomic Evaluation and Desion 0 a Zlacksmith's workshop:
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Sen, RN, & Pratihar, B. {1979) :
crgonomic Evaluation and Design of Different Types of Pick
Axes 3 Project Report No. 56, Pp 17, .

ven,R.N, & Chakraborty, D.(1279) :
An Ergonomic Study on Female .jorkers lucking Tea Leaves:
ProegdectiiesonthiNa it S ntuss
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Ma jumdar, D.(1979) :
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sen,R.N. ,Ray Chaudhuri, M,.,Majumdar,D.,Chakravarti,D.,
Dhara, P. & Pratihar, B, (1979) :
A Study Tour and a Visit to a Jute Mill, Project Report
No. 63, Pp 7,

Sen,R.i¥. & Dey, M. (1980):
fin Ergonomic Study on Some Household Activities in Squatting
Posture in Indian Housewives,Project Report No., 64,Pp 20,
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An Ergonomic Study on Some Tea-plantation Workers Engaged
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Project Report No. 63, Pp 22.
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An Ergonomic Study on Rock Climbing at Darjeeling,Project
Report No,69, Py 17,
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Ergonomics and Occupational Health Studies in a Co.per Flash
smelter, Project Report No. 115, Po 43,

Lsen,R.N. and Nag, 3. (1985):
SErgonomic Principles in Urban Housing Design and Construce
tion, Prcject Report No., 116, Py 33,

sen,R.N. and Nag, S. (198%) :
Ergonomic Improvements in the ilorking Conditions in a
Printing Press,Projcct Report No., 117, & 15,

Sen,R,N. and Datta, A. (1985):
A Study of Ergonomic Factnrs to Increasc Productivity in a
Factory Manufacturing Coal Briquettes,Prnjoct Repocrt Nn,118,
Po 19, ‘

Se..,R,N. and Datta, &, (198%) :
Physiological Criteria of Clothing 5Suitable for Hot Environe
ments,Prcject Report WNec, 11¢, Py 14,

ben,R,N, and Gangopadh-ray, &, (1935)
New Ergonomic Harness Desion of Hand--Cart Pullers,
Project Report No, 120, Py 20,

ven,K.N. and Mandal, 5,R., (1985%)
An Ergonomic Study on a Cashew-nut Processing Factory,
Project Report No. 121, Pu 29,

Sen,R.N, and Bhattacharyva, S. (1985) .
A\n Ergonomic Study on a Detergent Manufacturing Factory,
Pr-ject Beport No, 122, P 11.

Sen,R.N, and Nag, S, (1983) :
" Study Tour to a Gas Equipment Manufacturing Factorv,
Preject Heport No. 123,“Pp 1%,

Diets : Z
“en,R.N., and Nagy Dutta, A,,Mondal,5,,Gangulv,S.R. and
Bhattcharya, S, {198%) :
A

A Study Tour to = Pharwmaceutical Factory, Project Report
No. 124, Pp 16,

Sen,R,N, and Dutta, A. Nag, S, ;Ganguly,S, ,Mondal,S.B. and
Bhattacharyya, S. (1985} :
A Study Tour for Different Ergonomic Factors at a Chemical
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126. Sen, R.N.,Gangopadhyay,S.,Dutta, A.,Bhattacharyya,S.,Mandal,
S.R. and Nag, 5. (1989) :
: A Study Tour to an Alluminium Foil Manufacturing Factory,
Pro ject Report No. 126, Pp 17,

127. %en,R,N.,Mandal,5.R.,;Nag,>.K.,Dutta,A, ,Bhattacharyya, 5. and
Gangulint S . (LG 8s) e
In Ergonomic Studv Tour to an Electrical Goods Manufacturing
Company, Project Report No, 127, Fp 17,

128. Sen,R.N,,Bhattacharyya, 3.,Mancdal,S.R,,Dutta,A, ,Nag,5. and
Ganguly, S. (198B) s
A Study Tour to an Automobile Manufacturing Factory,
Pro ject Report No, 128, Exmzmamigx Pp 20.

129. Sen,R.N., and Misra,D.S5. (198%2) :
An Integrzted Environmental and Ergonomics Studv on Organized
and Unorganized Potters in VJest Bengal, Project Report No,
129, Pp 53.(For partial fulfilment for M.Phil Degree on
Environmental Science of Calcutta University of 3ri D,Misra),

130, Sen,R.N. and Sen, D, (198%) 3 Pp B3
Environmental Factors in Vibration Jhite Finger Disszase and
Ergonomics of its Prevention,Project Report No,130,Pp 34,

131. Sen,R.N. and ~adhukha.:;, A. (1980) @
A New Erconomic Design of a 'Flnor-Fan' Suitable for Tropi-
cal Climate,Project Report No. 131, Pp 23,

132. wen,R.N. and Das, 5. (1986) :
An Ergonomic Study of the Effects of Smoking 'Ganija' in
Physical dork Performance, Project Report MNo.,132,Pp 22,

133. Sen,R.N. and Biswas, 5., (1986) 3
A New Erconomic Design of a Buffing Plate Holder in a Metal
Plate Printing Industry,Projcct Report No. 133, Pp 29.

134, wen,R,N. and Biswas, S. (1986) 3
/v New Ergonomic Design of a Low-Cost Bar-muff for NMoise
Protection and for Verbal Commnunication in a Noisy
Environment in a Factory,Project Report No., 134,Pp 16,

135, sen,R.N., and Biswas, S, (1986} :
/. New Design of a Mechanical Digital 'Goniometer' for
Recording Angular Movements,”roject Report No,135,Pp 17.

136, Sen,R.N. and Guchhait, 5. (1986) :
Metnod Study of a Brick-—Field, Project Report No,136,Pp 21.

137, Sen,R.N. and Khatua, P. (1989%) :
Tost of Colour Blindness of Schonl and Collage Going
Students,Froject Report No, 137, Fp 3E,

138, ®en,R.N. and Bhattacharyya, G. (1986) :
An Ergonomic Design of a Non-Slip Soag and its Case,
Pro ject Report No., 138, Pp 1l.

139, Sen,R,N. and Mukherjee; A. (1986) :
f, 3urvey on Industrial Pollution in Residential Area,
Project Report No., 139, Pp 27,
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140, ven,R.N. and Chatterjee, P, (1986) :
An Ergonomic A.prosch to the Design of Indian Bullock-~Cart
Used for Carrving Lead in the City of Calcutta,Project
Report No., 140, Pp 18,

141. Sen,R.N.,>adhukhan, A,K,,Mukhcrjee,A.K.,Bhattacharyc,G.,
Chatterjee,P.,Das, S,,Biswas, 5. and Guchhait,3,.K,{(1986) -
A Study Tour to a Vegetable 0Oil Manufacturing Factory,

Project: Regorit Noz 141, SPpil6.,

142, Sen,R.N.,Das, 5,;Biswas, 5,,%hattacharyva, G.,Jachukhan,A,,
Khatua, P., CGuchhait, 5., wukherjee, A.K. and Chatterjee,P,(1986)3
4 Study Tour to a Paint Manufacturing Factory,Projcct
Repor i Nn tliiia 28 8 zn St

143, »en, R.M., Biswas, 3,,Drs, 5,,Bhattacharyya,G, ,Buchhait,S.K.
Mukherjee, A,K. and Sadhukhan,”.K,(1986) :
Ergonomics Study Tour t» a ikiechanical Weighing Machines
Manufacturing Industry, Prc ject Report Nn, 143, ?» 39,

144, Len,y,R.N., Guchhait, $.K,,Khatua,P.,Biswas, S.,Sachikhan,A.K,,
Bhattacharyya, G.Das, 5,,Mukherjee,A.X. ancd Chatterjee,P.(1986):
A Study Tour to the National Institute ~f Desian,Paldi,
Ahmedabad,Pro ject Report nNo,144, Pp 12,

145, Sen, R.N, ,Khatua,P.,Biswas, 5,,Das, 9,,3uchhait,3.K.,5adhukhan,
LK., Chatterjec,”, ,Bhattacharyva,G. and Mukherjce,A.K.(1986);
~n Ergonomic Study Tour to Defence Institute ~f Physiolocy &
Allied Sciences,Project Report No, 145,Pp 26,

146, Sen,R,N.,Bhattacharya,G.,Das,5,, Biswas, S.,5adhukhan,A\.X,,
Guchhait, 5.;Khatua, ?.,Chatterjee, ?. and Mukherjee,A.K.(1986):
An Ergonomic Study Tour to the Remington Rand Cimpany,Howrah,
Projcct Regort No, 146, Py 9,

147, wen,R.N.,3nattacharya,C,,Das,s, ,Biswas,S., sadhukhan,A.K,,
Guchhait,5. ;Khatua,P.,Chatterjee, P. and Mukherjee,A.K,(1986):
an Ergonomics Study Tour tn the National Instituts of
Uccupational Health, Ahmedabad,Project RBe,.ort No. 147, Pp 7.

143, benyﬁ.m,9Mukherjeagﬂ.K,,~adhukhan,&.K,,Bhattacharya,G.,
Chatterjec,P. Kh>tua,P.,Das,s. ,Biswas,5. and Guchhait,S.(1986):
An Ergonomic Study on Different sections c¢f Civil Aviation
Department 2t Lhe Calcutta Airport,?rojzct Regort No,148,Py 18,

149, Sen,R.N,,Chatterjee,P.,Das,S,,Oadhukhan,A,9Khatua,P.,Biswas, Sy

Guchliait, S.,3hattacharya,G, and idiukherjee,A.K.(1986):
A otudy Tour to Vallabhohai Patel Chest Institute,Project
Regorte Nio =1 498 SR oSN

130. sen, R.N.,Chatterjec, F., Das, o.,%adhukhan,’.,3hattacharya,
G, Jiswas, 5. ,Knatua, P.,Mukherjee, A.n. and Guchhait,3,(1985%):
A S5tudy Tour to the Institute of Nuclear Medicine and Allied
ocicences, Project Report No, 150, Eraonomics Laboratory,
Calcutta University, Py 6.

171, sen,R, N. (1986) :
crgonomics Study on Manual Maintenance of Reilwav Tracks,
Project Report No, 151, Ergonomics Laboratory, Cal-utta
University, Pp B7,
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Sen, R.N, (1986) s
Apolication of Ergonomics in Burn Standard Company Limited,
Howrah Works (First Phase).Project Report No.l32,Pp» 95,

sen, R.N., (1986):
Available Data on Working Conditions and Characteristics of
Main Operations Requiring “rotective Clothing in Hot
Environment,Prnsject Re.ort No. 153, Pp 59,

sen,R.N, (1987)
An Ergonomics Study on Accidents in Some Hot Industries in
Jest Bengal in Relation to Desicon of Special .iork Clothing,
Project Report No., 134, Pp 57,

Sen,R.N. (1987} :
An Ergonomics Studv on Developm:znt and Design of Personal
Protective Devices for '‘orkers .orking in Hot Industries in
India,Froject liegort No.lDZ, Pp 79, %

Sen,R.N. €1987)
An Ergonomics Study in an Iron and Steel Industry in India,
Prnject Report No. 136, Pp 28,

Sen,R.N, and Panigrahi, A, (1987)
Srgonomic Design of Patienis Bed for Frevention of Bedgpres
Staxas (Pressure sores), Project Report No. 137, Rgx Pp 36.

Sen,R.,N. and Panigrahi, A. (1987)
Ergonomics Design of a Teaching aid for tetter develonment
of spoken and written language skill of deaf and cumb school
boys, Project Report No. 158, Pp 11,

Sen,R.N. and Pal, D. (1987) :
Development of a New Method for Postural Analysis,Project
Report No. 159, ?n 28.

2en,R.N. and Mahapatra, T.5.(1987) ;
An Ergonomic hva‘uatlon of the Layout of a 'Numeric cata
entry key board'., “roject Renort No. 160, Pp 1l1l.

ven,R.N., and Pal,s. (1987)
Ergonomic Design of a Frotec'ive Clothing Acainst Mosquitoes
Bites, Project Report No.161, Pp 16,

sen,R.N. and Ghosh, S.35, (1987) s
An Ergonomics Stucy on Different Types of Push--bottoms
as Controls, “roject Report No.l62, Pp 14,

Sen,R.N. and Patra, M. (1987)
An Zrgonomic wtudy on Hand-signailing for Tower Crane
Op- ration in Docks,Project Report No., 163, ?p 17,

wen,R.N, and Ghosh, 5.5. (1987)
Effect of Ionisatio.. of Ambient Air on Human Performance
auring #dork with Electrical Machines,Project Report No,164,
Po 11,

5en,R.N.,¢an1qraph1 A.,Pal,D. Patra9 M. ,Ghosh ,5.,Pal,>. and
singhamahapatra, (1987) =
E An Ergqnomics Study Tour to a Textile Industries
Research Association, Project Report No. 165, ?p 14,
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Sen, R.N., Pal,D.,Patra,M.,Mahapatra,TOS,,Pal,S.,PanigrahiyA &
Ghosh, 5 (1987) :
An Ergonomics Study Tour to Institute of Aviation Medicine
and Indian Institute of Science,Bangalore,Pro ject Report
No. 166, Pp 20,

~en,R.N.,Pal,D, ,Patra,M. ,Mahapatra, T.5,,Pal,S.,Ghosh, 5 &
Panigrahi, A.(1987):
An Ergonomics 5tudy Tour to a Luminaire Factory in Calcutta,
Pro ject Report No. 167, Pp 15,

sen, R.i., Mahapatra, T.5,,Pal D, ,Patra, M,,Panigraphi,A,,
Ghosh,5. and Pal,5. (198%) :
Ergonomics Study Tour to the National Institute of Desian
and Ga.:dhi Labour Institute at Ahmedabad, Project Report
No, 168, Pp 6, :

sen,R.N., Mahapatra, T.S., Pal, D.,Panigraphi;A,,Ghosh,S,,
M, and Pal, 5. (1987) :
An Ergonomics Study Tour to an Electrical Switch Gear
Factory at Bombay, Froject Revort No, 169, Pp 9,

oeil, R,N.9Pal,S.9Panigrahi,A.,Ghosh,s,,Mahapatra,T.,Patra,M
and 2al,D, (1987) :
An crgonomics Study Tour to Naticnal Institute for
Training in Industrial Engineering,Bombay ,Pro ject Report
No. 170, Pp 12,

2en,R.N, ,Pal ;5. ,Patra, M. ,Ghosh,5, ;Panigrahi,A, ,Pal,D, and
o>inghamahapatra, 1. (1987) :
An Ergonomics study Tour to a Textile Research Association,
Bombay, Project Report No. 171, Bp 8,

aen,R.N,,Ghosh,S.,Nahapatra, T.5.,Panigrahi, A, ,Fatra, M.,
Pal,;D. and Pal,S. (1987) :
An brgonomics JStudy Tour to National Institute of
Occusational Health and MNarottom Lalbhai Research Centre,
R & D of the Arvind Mills Ltd., Ahmedabad,;Project Report
Nois 255 Pol 1577
Sen,;R.N.,7atra, M, Panigrahi, LR A DA G oIS h IS s i Eall o'
and kahapatra, T. (1987) 3
An Ergonomics btudy Tour <o Industrial Design Centre of
Indian Institute of Technolocy, Bombay ,Pro ject Heport
WO SR DRl 2N

Sen, R.N., Fanigrahi, A., Pal, SIPRCoIShi 5. ,Pal,D, ,Mahapatra,
T. and Fatra, M. (1987) :
An Ergonomics Studvy Tour to a Jdatch Factory, Project
Report No., 174, ¢p 14,

sen, R.N. and Chattopadhya-, 1I, (1988) 3
Fabrication of Newly Designed Hand Ergometer and Somc
Preliminary 5Studies ~f Arm Work at Different postures,
froject Report No. 175, bp 8,

Sen, R.N. and Maiti, 3.K,.(1988). :
An Ergonomic Study on Jjorkers of Railway Ticket Printing,
Project Report No. 176, Pp 20,

2en,R,N, and Mukhopadhyay, A, (1988) ;
An Ergonomics Study on the Acceptable Limits of Comfort
for Hailway Travelling Air-conditioned Class, Project
i e e
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Sen,R.N. ,Chattopadhyay, N.,Mukhopadhyay, A, and Maiti,S$.(1988):
A Study Tour to a Switch Gear Manufacturing Factory in
Bombay, Project Report No. 179, Pp 8,

Sen; R.N.,Chattopadhyay, N.,Mukhopadhyay, A. and Maiti,S(1988):
An Ergonomic Study Tour to a Cotton Textile Mill at
Ahmedabad and its R & D Section, Project Report No.180,
Pp 11,

Sen,R,N. ,Mukhopadhyay,;A. ;Maiti, S.K. and Chattopadhyay,N.(1988):
An Ergonomics Study Tour to a Factory Manufacturing
Diesel and Gas Engine at Pune, Project Report Nn,181,Pp 14,

Sen, R.N.,Maiti, S.K.,Mukhopachyay,A., and Chattopadhyay,N(1988):
An Ergonomic sStudy Tour to National Institute of Design &
National Institute of Occupationa Health,Ahmedabad,

Project Report No. 182, Pp 33,

Sen,R.N,, Maiti, 5,,Mukhopadhvav, A, and Chattopadhyav,N,(1988)
An Ergonomic Study Tour to Natio..al Institute for Training
in Industrial Engineering,Bombay & A 3eooter Manufacturing
Factory,Pune,?roject Report N~, 183, Pp 18 & Pp 11,

Sen, R.N.,Mukhopadhyay, A.,Maiti,S. and Chatterjee,N,(1988):
An Erconomics Study Tour to the Central Labour Institute
and Industrial Design Centre, IIT,Bombay, Project Report
No. 184, Pn 24,

Sen, R.N. ait! Panigrahi, A. (1989) :
An cErgonomics Study on the Causative Environmental
Factors in the Vicinity of the Skin Surface Leading to
gx Pressure Bedsors in Immobile Patients,Prnject Report
No.185( For partial fulfilment of the M.Phil Degree on
Environmental Science of the Calcutta University (of
5ri A.Panigrahi) Ergonomics Laboratory,Dept,of Physiology,
Calcutta University, Pp 70,

Sen,R.N. and Chakrabortv, . (1989) :
An Ergonomic Design of a Hat for Protection Against Solar
Radiations and Rains, Project Report No. 186, Pp 19,

Sen, R,N., and Gupta, S. (1989):
Ergonomic Design of a Chair Suitable for Oriental
Sitting Postures,Project Report No, 187, Pp 1ll.

Sen, R.N.,Chakraborty, S. ana Gupta, 5., (1989):
An Ergonomics Study Tour to the Institute of Aviation
Medicine,Bangalore, Project Re.ort No.:'188, Fp 21,

Sen,;R.N.,Chakraborty,S. and Gupta, S. (1989) :
A Study Tour to an Ergonomics Laboratorsy at Madras,
Project Report No, 189, Pp 11,

Sen, R.N., Gupta, 3. and Chakraborty,5, (1989) :
Ergonomics Study Tour to the Occupatiopna} Health and
sSafety Centre and the Chronobiology Labora tory,
Tamilnadu, and the Ergonomics Laboratory,Ba@gakaxex
Industrial Management Centre, Ind.Inst,of Scf€nce,
Bangalore, Project Report No, 190, Pp 19, '

sen, R.N. and Pandit, A.K. (1990):

An Ergonomic Design of a tocoth-bruth Both for Clearfing
the teeth and Massaaino the Cume Deasest Domamt - 191
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sen,R.N, and Sautya, D.K. (1990). :
An Ergonomic Design of a Retractable Mosquito-net-roller
Curtain in Front of a ‘indow for ?frotection Against
Insects, >roject Report No. 192, Pp 13,

sen, R.N. and Adak, o,N. (1990) :
A Comparison of Ergonomic Methods for Evaluation. of
Comfortability of Jork-wear Suitable for a Tropical
Climate, Projecct Report No. 193, °. 27,

oen, R.N, and Chakrabortv,A, (1990) :
“n Ergonomic Design of a Window Shutters Both foxr
Ventilation and Protection Against Rains and Solar Radia-
tions, Project Report No. 194, Pn 1l.

Sen,R.N. and Banerjeeg,5. (1990) :
An Ergonowlc Design of a Snnulder-cum -hand Bag Suvitable
for the Delegates of Iinternational Conferences,

—

Project Reonort No., 195, Pp =,

cen, R.N.,Pandit,A,K.,Chakraborty,A., Sautya, D.K. Adak,
5.N. and Banerjeec, S5, (1990)
An Ergonomics Study Tour of a Pharmaceuticals Manu-
‘facturing Factory in Calcutta, Projzct Report Nn, 196,
Pp 23,

2en,R.v, ybautya,D.K,. ,Pandit ,A.K, ;Adak,D, ,Chakrabortyv,5.N,
and 3Banerjee,s, (19%90) :
An bhrgonomics Study Tour to a Safety Match Facteory in
Calcutta, Froject Fesort o, 197, By 18,

sen,R,N,, Adak, 5.N.,,R Pandit,A.K., sSautya, D,K.,Chakraborty,
", ana Banerjee, o, (1990) ¢ '
An kbrgonomics Study Tour to an Environ. ental and ‘Jork
Paysiology Laboratory, DIPAS, at Delhi, Preject
HepoxTt ticy 198, Py 15,

sen,i,N.,Chakraborty, A,, Adak,5.N.,Pandit,A.K.,5autva,D.K,
and Banerjce,5. (1990) s
An Ergonomics Study Tour to an Industrial Hygiene
Laboratory and Occupational Safety hiuseum in an
Institute in Calcutta, Project Report No. 199, Po 13.

~en,R.lN. ,Banerjee,5. ,5auvtya,D. %, ,FPandit,A.K, ,Adak,5.l. and
Chaxrabort,A. (1990) :
An Erconcmics Study Tour to an Elccirical and
Electronics Equipment Lanufacturing Factery in Calcuttiz,
Projsct Report Mo, 200, Pn 15,

Sen,h,N. and Igbal, R. (1991) :
Further dork on the Ergonomic Desicn of a 'Floor-Fen!
Suitable for Tropical Climate, Project Report No.201,
Fo 14,

Sen,R.N, and Igbal, R. {1991) :
Ergonomic Design of a Sound-proof Cover for a
Typewriter for Noise Reduction, Project Renort Ne.202,
Po 7
Pl .

oen, R.N. and Ray, I. (1991) =
Ergonomic Design of a Chair suitable for Oriental
and Occidentai Types of oLitting Postures,Project
ReDoR RN ORI GIFO ERD =i

~en, R.N. and Lal, 5, (1991) ;:
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Sen, R.N. and Santra, R, (1991 ) ¢
“n Ergonomic 5Study on Musculo-Skeletal Dlsorders in
Indian Agricultural Workers, Project Report No,205,Pp 23,

Sen, R.N., Igqbal, R., Lal, 5,,Ray, I. and Santra,R.(1991):
An Ergonomic Study Tour to an Electrical Industry in
Bombay, Project Report No. 206, Pp 6..

Sen, R.N., Ray, I.,Igbal, R., Santra, R. ,oantra,R.and Lal,S,
(1991):
An Ergonomic Study Tour to an Old Lead Pigments and
and otabilizer Danuracturlnc Factory in West Bengal,
Project Report No, 207, P_ 13

Sen,Ri:NL ilall, siSlangd®lgbal ;. R. ((16g15)es:
An Erqonomlc Study to a Diamonc Pollshlng/Proce551na
Factory at Bombay, Project Report Nn, 208,Pp 9.

sen,R.il.,Santra,R. ,Ray, I.,Lal,5. and Igbal,R.(1991):
An Ergonomic Study Tour to a Moderr. Lead and Zinc
Pigments Manufacturing Factory in ‘est Bengal,Project

Report No. 209, Pp 13.

Sen, R.N. and Bagchi, S, (1991):
An Ergonomic Safety model of root (Jute),Cutter Knife,
Froject Report Nn. 210, Pp 20.

Sen,R.N., end Sanu, 5. (1991\ 2
An Ergonomic Design of a multipurpose Shovel-cum-Kodali,
Project feport Ho, 211 - Pasta,

2en,R.N. and Basu, XK. (1991)
Ergonomic Assessmenf of work-stress of Female workers
in coustruction of Buildinec Ly Questionnaire Technique,
Froject Heport No. 212, Pp 11,

Sen,R.N. and Adhya,B. (1991} :
An Erconomic Design of a Brush for Clzaning Utensils,
rroject Report No,213, Py 15,

S5 R.w,,CHWkrabortl,w., Sahu,5, ,2asu,K, ,Bagchi,S, and
maKnal-u, (199‘\
An Er@0uomlc Study Tour to the Regional Labour
Institute at Calcutia. Project Repert No.214,P; 14,

ben,R.N,,Bagch;,o.,b hu,w. ,Makhal ,;5.K, ,Basu,K, ;and
Adhva,B. {(1991;:
An Erconomic utuoy Tour to a Coal Mine at Dhanbad,
Projsct Report No. 2SNV R23

Sen,H.N, ,?ahu,>, ;Basu,K, ,makhal ,5.K.,Bagcai,S, and
Adhya,D. (1991)
An Ergonomic study Tour to the Central Mining Research
station,;shanbad,;2ihar,Project Neport No.216,Fp 17,

6en(,R.N,),::‘asu,K.,.Sahu,‘S.,,Adhya,B.9Makhal,5.K° and Bagchi,

(VI 1€21):
An crgonomic Study Tour to a Mines Rescue Station ot
Dhanswar, Bihar, Project Report No. 217,BPp 9.

Sen ,R.MN, ,mMakhal, D,m.,desu. K,,5ahu,5, ;Adhva, %. and Bagchi,

S, (1991)
An Ergonomic -~tudy Tour to the Kining Environuent Section
of the ;ndlan >chool of Mlnes Dhanbad.Project Report
NapZA G p 5]
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Human Factors Socicty %‘Q

PO.Box 1369 e Santa Monica, California 90406 e (213) 394-1811/394-9793 e FAX (213) 394-2410

PRESS RELEASE FOR IMMEDIATE RELEASE
Contact: Human Factors Society
(310) 394-1811

HFS DISTINGUISHED FOREIGN COLLEAGUE AWARD
PRESENTED TO RABINDRA NATH SEN

SANTA MONICA, CA -- The Human Factors Society honored Rabindra Nath Sen with
its 1991 Distinguished Foreign Colleague Award during a special ceremony at the HFS 35th
Annual Meeting. The meeting took place September 2-6, 1991, at the San Francisco Marriott

Hotel, site of the awards ceremony.

The award recognizes a non-U.S. citizen who has made outstanding contributions to the
haman factors/ergonomics field. Sen is professor and head of the Ergonomics Laboratory in the
University of Calcutta Department of Physiology and has been instrumental in bringing
ergonomics teaching and research to India. His pioneering contributions to the introduction of
appropriate work physiology to India have helped to mitigate environmental hazards, and recently
he broadened his perspectives to include the transfer of ergonomics to developing countries. He
has been a mentor to his many students and colleagues in India and has managed to advance
ergonomics despite enormous economic disadvantages. Sen is ex-president of the Section of
Physiology of the Indian Science Congress, former honorary general secretary of the
Physinlogical Society of India, and present honorary general secretary of the Indian Society of
Ergoncimics. His contributions have earned him the title of "father of ergonomics” in India.

k ok 3k

The Human Factors Society is a multidisciplinary professional organization of almost
5000 persens in the United States and throughout the world. Its members include psychologists,
designers, and scientists, all of whom have a common interest in designing systems and

equipment to be safe and effective for the people who operate and maintain them.
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From persor Zalcutta State
Transport Corporat.ou, we authors felt the need for a preliminary study when
their are enough scopes for improvement in the design of these buses from the
view point of Ergonomics with special reference to safety, health, comfort and
efficiency of the passengers, drivers and conductors.

A few simple modifications on the existing conditions during boarding
the buses and standing and sitting arrangements inside the buses were suggested
after taking into consideration the anthropometric and other linear measurements
in different places inside the buses. Modifications were also suggested to improve
the movability of the passengers and conductors inside the buses.

In order to ‘assess the thermal conditions inside the buses with special
reference to ventilation and air changes, the sling psychrometer and Kata thermo-
meter readings were taken during the months of May and September, 1973. It was
observed that the dry-bulb and the wet-bulb temperatures inside the buses were
5 to 7°F and 3 to 4°F higher respectively than those outside. It was seen from the
readings of the Kata thermometer that the air movement inside the over-crowded
buses was very poor (about 2 ft/minute), whereas the air velocity required is at
least 250 feet per minute. The air space available for each passenger is about
10 to 20 cubic feet whereas the normal requirement is 500 cu. ft. The conditions
inside the buses could significantly be improved if a double-monitor-roof with
small air entry pockets on the roof as well as on the sides and drop-windows
with more exposed areas as suggested, are provided.

Passengers’ subjective assessments on noise and vibration were taken. The
sources of noise and vibration in the buses were from unnecessary blowing of the
horns of the same bus and other vehicles, noises from the bus engine, sudden
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ARE THE CALCUTTA PUBLIC BUSES
ERGONOMICALLY DESIGNED ?

By
Rabindra Nath Sen and Pranab Kumar Nag

( Department of Physiology, University College of Science & Technology,
Calcutta University, Calcutta-700009 )

From personal experiences as passengers in the buses of Calcutta State
Transport Corporation, the authors felt the need for a preliminary study when
their are enough scopes for improvement in the design of these buses from the
view point of Ergonomics with special reference to safety, health, comfort and
efficiency of the passengers, drivers and conductors.

A few simple modifications on the existing conditions during boarding
the buses and standing and sitting arrangements inside the buses were suggested
after taking into consideration the anthropometric and other linear measurements
in different places inside the buses. Modifications were also suggested to improve
the movability of the passengers and conductors inside the buses.

In order to assess the thermal conditions inside the buses with special
reference to ventilation and air changes, the sling psychrometer and Kata thermo-
meter readings were taken during the months of May and September, 1973. It was
observed that the dry-bulb and the wet-bulb temperatures inside the buses were
5 to 7°F and 3 to 4°F higher respectively than those outside. It was seen from the
readings of the Kata thermometer that the air movement inside the over-crowded
buses was very poor (about 2 ft/minute), whereas the air velocity required is at
least 250 feet per minute. The air space available for each passenger is about
10 to 20 cubic feet whereas the normal requirement is 500 cu. ft. The conditions
inside the buses could significantly be improved if a double-monitor-roof with
small air entry pockets on the roof as well as on the sides and drop-windows
with more exposed areas as suggested, are provided.

Passengers’ subjective assessments on noise and vibration were taken. The
sources of noise and vibration in the buses were from unnecessary blowing of the
horns of the same bus and other vehicles, noises from the bus engine, sudden
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jerkings of the buses for not changing the gear when required, vibrations due to
rough roads and loosely fitted parts of the body of the buses. These high
frequency noises and low frequency vibrations are subjectively very much
irritating, and fatiguing to the individuals.

The pollution problem from the exhaust of these Diesel buses could be
tackled, if contrary to the existingcondition, the exhaust pipe is extended to the
roof of the buses where the exhaust and anti-knocking fuel gases will be diluted
into the upper part of the air strata and thereby these polluting gases, fumes,
smokes, etc. will not be directed to the nose level of the passers-by.

As proper ergonomic displays are important both to the drivers and passen-
gers, it was suggested that the route numbers should be painted black on white
background. The height and width of the bold numerals should be 8 inches
(20 cm.) and 5 inches (13 cm.) respectively when the reading distance is about
150 feet (46 meter). The numerals should be placed in the middle of the front-
destination-display-board as well as on the back and side of the bus, so that
passengers will not have any confusion as to their destination. Colour of the buses
should be selected from the population reactions and different categories of buses
such as, ‘Limited’, ordinary, without seats etc. should have different colours,
as suggested.

In designing the driver’s cabin, the distance between the seat level and the
bottom edge of the steering wheel should be sufficient (about 13 inches or 33 cm.)
to permit the legs to move high enough to put the feet on the pedal. In order to
avoid accidents, overall visibility of drivers specially on the right side of the buses
should be increased. Gear changing rod should be modified as suggested. To
avoid errors on the part of the driver, hydraulic aided automatic differential gear
with accelerator could be provided. Modifications of the traffic signals as
suggested should also be considered. The best combination for the road signal
lights was found to be red, amber and green in order from the top.

In total about sixty different modifications for improvement were suggested
for implementation in future designs.
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Research studies recently completed and reports & papers umder
Preparation,

1) Physiological studies on transport workers in docks.

(2) Studies on physiological responses of workers in glass factory,

(3) Studies on physical fi*ness of workers in Bombay, ' 3 AFg

(4) Stuvdies on Physiologioal factors (Age, Temperature, Ocoupation, eto
Liniting Work Output of Indian workers).

25) Physiology cum productivity study in a redio manufacturing factory.

8) Physiological studies on workload and themal stress in a shoe manufac-
turing factory, :

(7) Physiology cum produotivity study for rationalization of work and rest
cycles in the forge shop of an automobile factory, in rolling mill,
in a foundry, in a glass factory and other hot industriss,

(8) Measuranents of the levels of noise in different sections of a
Rayon factory and method for reducing the level.

Research Coptsining,

(1) Studies on circadian (Biological) rhythm with reference to shift work
in factories, ' i

(2) Studies on physiology of sitting posture and development of an
Ergonom ic stitting arrangement for Indians,

(3) Studies of occupational and perfomance work ocapacity of
studlonts eand Athletns.

(4) Effects of heat stress on ocoupational work capacity of Indiang.

(5) Electromyographic evalugtion of light work tasks.

(6) Biochemical substances as stress ind icators in blood amd urine,

(7) Anthropometric measuraments in designing of hame, school and office fumiture,

(8) Deteom ination of body composition, -utritional status and maximal

- work capacity in local problems,

(9) Dotem ination of the zone of camfort for local Indian population
during 4 ifferent seasons.

110) Evaluation of method for separation of male ard female spematozoa.
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J. Indian anthrop, Soc., 12:199-206 (1977)

Some Anthropometry of People of Eastern India

RaBINDRA NATH SEN, PRANAB KUMAR NAG* and
Gour GorAL Ray

Ergonomics Laboratory, Department of Physiology,
Calcutta University, Calcutta

ABSTRACT : The statistical samples of some groups of unorganized
agricultural and non-industrial workers from the eastern part of India,
were selected in order to guther information about the body types and
body dimensions, which are commonly used in Human Engineering
research. From the low body weight (75 percentile value: 49.7 kg). low
bone diameters (75th percentile value of right radio-ulnar and epicondylar
breadths were 56 and 9.8 cm respectively), it may be inferred that the
workers had predominantly meso-ectomorphic body componnents, based
on Heath-Carter somatotypic rating scale. It is suggested that the reference
body weights of East Indians are within 45 and 50 kg. From 29 measure-
ments it was observed that the anthropometric dimensions of unorganized
workers were very similar to those of other industrial workers. A series of
regression equations were constructed between the different anthropometric
variables. Though the sample was small, these equations' might serve some
purpose for predicting different anthropometric dimensions of at least
East Indians, since these are quite frequently required by the Human
Engincers.

Sen (1954, 1960, 1964) measured the body dimensions of people
in Eastern and Western part of India in order to assess the influence of
environmental variations on body size. Sengupta and Sen (1964) reported
various body measurements of male textile mill workers for the purpose
of designing the textile mill machineries. Saha (1968, 1969) measured
body dimensions of female workers in relation to the sitting ar: angements.
Many studies on physical anthropology of Indian population have been
reported in relation to genetics (Indian Statistical Institu.e, Calcutta,
Summary report, 1963 to 1975).

The primary purpose of collecting anthropometric data of the Indian
population reported in the present contribution is to have essential infor-
mation about the body types (somatotypes) and body dimensions which
are commonly employed in Human Engineering research. Though important
in respect to the designing of tools and machineries for the unorganized

'PrTsont address : National Institute of Occupational Health, Ahmedabad 380016,
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agricultural and non-industrial workers, these types of anthropometric
data for the Indian population is meager. In the present contribution 192
people from different sectors of unorganised workers were selected.

MATERIALS AND METHODS

The subjects were chosen randomly from 18 localities of Eastern part
of India for the anthropometric study and mostly they were belonging to
lower socio-economic status (average monthly income was about
Rs. 150 to 290 only). Only 29 different anthropometric measurements were
taken. The definitions of the anthropometric dimensions were followed as
per the Conference on standardization of anthropometric techniques and
terminology (Hertzberg 1968).

Portable platform balance with minimum readability of 0.05 kg. was
used for the measurement of body weights ; Harpenden skinfold caliper
(Edwars et al. 1955; manufactured by British Indicators Ltd) and
USAMRNL skinfold caliper (Best, 1953 : manufactured by an Indian firm)
which are supposed to exert a constant pressure of 10 gm per sq. mm at
varying opening of the jaws were used for comparing the measurements
of skinfolds.

The measuring rod, sliding caliper and steel tape were calibrated
against standard mm scale. The weighing balance and the skinfold cali-
pers were {requently calibrated against standard weights and necessary
adjustments and precautions were taken when the instruments were
used. During the measurements of body dimensions the instruments were
handled in such a manner as to avoid excessive compression of the under-
lying tissues. Most of the measurements were taken in the afternoon.
Although there is a gradual diminution of body height from the morning
to the afternoon as noted by Keys et al. (1950) and Sen (1960), no attempt
was made to see such variations, if any, for other measurements. The
anthropometric measurements were expressed as the partition values.

The landmarks of the skinfold sites selected were as follows :

Biceps—Over the mid-region of the anterior aspect of the muscle
with the arm hanging vertically :

Triceps—Over the mid-point between acromion and olecranon pro-
cesses marked on the posterior aspects of the arm and the
folds are measured with the arm hanging vertically ;

Chest—Over the skinfold between the shoulder and medial to the
axilla, running diagonally at 3 to 4 cm above the nipple ;

Mid-axilla—Over the vertical fold of the mid-axillary line, approxi-

’ mately across the fourth and fifth ribs ;
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Sub-scapula—Just over the tip of the scapula al an angle of about
45" to the vertical, medially upwards and laterally down-
wards ;

Supra-iliac--Over the erest of the ilium at the mid-axillary linc;

Abdomen—Over the horizontal fold at the right side of umbilicus,
distance around 4 cms. ;

Thigh—Over the anterior aspect of the thigh at its maximum circum-
ference ;

RESULTS AND DISCUSSION

It is staled carlier that the subjects were chosen randomly ; how-
ever, the persons involved in different occupations were taken as our sub-
Jects, without giving much attention to the wide range of ages, since this
type of random sampling irrespective of age-groups will give a better
stratagem (Ross and Wilson 1974) based on the concept of a theoretical
reference man. The age of the selected workers varied between 15 to 40
years, with one or two exceptions. The groups consisted of 53 percent
agricultural workers, 22 percent load handling workers, 14 percent
moderate and semi-industrial workers and 11 percent light job workers.

The differences in the values obtained from the measurements of the
skinfold of the same site by the two calipers mentioned above were
highly significant statistically. The Best caliper recorded consistently
higher values compared to the Harpenden. One of its possible reasons is
the high frictional resistance of the movable parts of the Best caliper
(Sen, Chakraborti and Nag 1975). The data presented in this paper is
cnly with the Harpenden caliper.

The partition values (5th, 25th, 50th, 75th and 95th percentiles) of
the anthropometric variables of the unorganised workers are given in
Table 1. From the low body & bone weight (75th percentile values of right
radio-ulnar, olecranon and epicondylar breadths were 5.6, 8.1 and 9.8 cm
respec.ively), low body fat [the body density was determined using the
formula of Durnin and Rahaman (1967) and the body fat (mean 9.89%)
from Siri (1956)] and the co-efficient of wvariation (23.4%) and
low ponderal index of all the groups of workers, it may be inferred that
the workers were predominant of meso-ectomorphic body components,
based on the Heath-Carter somatotypic rating scale. From the results of
this study and other previous studies (Sen 1964 ; Sengupta and Sen 1964 ;
Saha 1968 and 1969 : Nag et al. 1975), it may be suggested that the
reference body weight of the workers of Eastern India should be within
4. and 50 kg, which is important for the expression of absolute metabolic
cest of work of the individuals. As the body weight is low the basal meta-
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TABLE 1!

Partition values of the different anthropometric measurements of East Indians

Measurement Percentiies

Sth 25th 50th 75th 95th:
Age (yrs) 13.5 16.8 20.5 25.6 36.7
Body weight (kg.) 35.9 41.1 45.9, 49.7 56.9
Ponderal Index 21.9 22.2 22.2 222 22.4
Measurement (cm)
Body height 150.8 156.6 161.5 165.7 171.9
Sitting height 37.2 38.3 39.0 39.9 41.1
Acromial height 123.1 128.6 133.2 137.8 142.3
Gluteal furrow height 67.2 72.9 76.1 79.8 83.8
Bi-acromial breadth 25.8 28.2 29.7 313 33.7
Bi-deltoid breadth 30.8 37.2 385 39.8 420
Chest breadth (mid-tidal) 221 23.8 25.1 26.2 289
Bi-trochanteric breadth 25.3 26.8 27.8 289 305
Epicondylar breadth (Right) 8.3 9.0 9.3 9.8 10.0
Epicondylar breadth (Lcft) 8.1 .89 9.3 9.6 10.1
Olecranon brecadth (Right) 6.7 7.3 7.7 8.1 9.5
Olecranon breadth (Left) 6.6 7.2 76 7.9 8.4
Radio-ulnar breadth (Right) 4.6 5.0 5.3 56 6.4
Chest circumfercence (mid-tidal) 71.5 75.5 78.7 81.6 85.8
Biceps circumference 19.3 21.3 225 23.7 26.0
Upper thigh circumferencc 35.4 38.8 41.3 13.2 45.5
Lower thigh circumference 26.6 28,7 30.4 31.0 34.7
Skinfold (mm)
Biceps (Right) 2.1 28 3.2 12 5.4
Triceps (Right) 3.5 4.3 5.2 6.3 10.0
Chest (Right) 3.6 4.1 18 57 7.2
Mid-axilla (Right) 2.3 3.8 4.6 5.2 6.9
Sub-scapula (Right) 1.6 5.8 6.9 8.1 11.9
Supra-iliac (Right) 3.0 39 4.7 6.1 11.2
Abdommen (Right) 4.2 5.1 6.3 3.0 12.5
Thigh (Right) 3.9 5.3 6.5 8.4 119
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TABLE 2

Regression equations and the simple correlation co-eflicients hetweeon

the anthrupometric variables

Dependent Independent Regression  Inter- Standard Correlation

variable (Y) variable (X) co. efl. of cept crrorof  co. ¢l (r)
(X) estimate

Age (yrs) Body weight (kg) 0.18 0.18 0.39 0.112

Measurement (cm)

Body hceight " 0.75 126.69 4.77 0.646
Acromial height " 0.63 104.90 5.46 0.530
Gluteal furrow height " 0.19 62.91 16.34 0.064
Bi-deltoid breadth ’ 0.24 27.67 2.62 0.436
Chest breadth " 0.19 16.80 1.67 0.517
Bi-iliac breadth " 0.08 21.02 1.62 0.277
Bi-trochanteric breadth " 0.10 2351 1.66 0.326
Epicondylar breadth (Right) i 0.06 6.61 0.83 0.366
Radio-ulnar breadth (Right) " 0.03 1.08 0.58 0.267
Olecranon breadth (Right) " 0.04 5.56 0.69 0.326
Chest circumference (mid-tidal) " ' 0.54 5448 3.48 0.641
Biceps circumference " 0.16 15.40 1.81 0.431
Upper thigh circumference " 0.41 22.77 3.62 0.545
Lower thigh circumterence “ 0.24 19.60 0.72 0.632
Triceps skinfold (mm) ” 0.06 2.42 1.41 0.204
Sub-scapular skinfold (mm) " 0.05 5.08 2.11 0.114
Supra-iliac skinfold (mm) " 0.08 1.7¢ 2.09 0.206
Body height (cm) Acromial 0.79 7.34 4.16 0.760
height (cm)
Glutcal furrow height (cm) Body 0.02 70.71 13.39 0.062

height (em)

bolic rate is also low in casc of Indians (Sen and Banerjee 1958a, b) . It was
observed that the anthropometric dimensions of these unorganised non-
industrial workers were very similar to those of other industrial workers
(Sen 1964 ; Sengupta and Sen 1964). The body weight, chest circumference,
bi-trochanteric and bi-deltoid breadths were around 5 to 10 percent higher
in case of industrial workers. However, when the values of the present
study were compared with those of American and Europcan studies
(Damon and Stoudt 1963 ; Danicls 1952 ; McFarland et al 1953 ; McFarland
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and Stoudt 1963 : Stoudt et al. 1960) it could be observed that the Indian
values were much lower than the Westerners’. The ratio between the glu-
leal furrow height and the tota] length of the body was 0.455 in the pre-
sent subjects. This ratio gives an idea about the relative length of the
lower extremities. The higher ratio would indicate the relatively larger
peripheral parts which might be an advantage for the Indians to increase
the effective surface area for the maintenance of the body temperature
in the tropics (Banerjee and Sen 1955 ; Sen 1960 : Nag 1976). The sleeve
length might give us the idea about the relative length of the upper
extremities.

As the human body is a complex siructure of many interrelated seg-
ments, the physical dimensions of the body almost always require a know-
ledge of the nature of the interrelations between and among the segments.
From the bisection of the segments of the Indian cadavers (Nag 1976 ;
. Sen, Ray and Nag 1976) it was found that each segment has a definite
relationship with the whole body and other segments in regard to their
weights and lengths. Based on these facts, the regression equations and
the correlation co-efficients were obtained from the least square approxi-
mations (using IBM 1130 series Computer of the Calcutta University)
between the different anthropometric variables which are given in
Table 2. Although the total number of subjects in this study were small,
these types of equations might serve as a basis for the prediction of
different anthropometric variables of .Eastern Indians till more data are
obtained. Based on a larger number of observations, multiple regression
cquations will be much more useful for the prediction of a particular
anthropometric variable. and these are very useful for the Human
Engineers.
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INTRODUCTION

The purpose of the present paper is to examine the application in hot climates
of certain scientific and technological developments in connection with the design
of industrial buildings where people work. The technological developments that
have already changed the pattern of work, the leisure activity and the way of life
of many people will undoubtedly affect many more in the coming decade, and it is
essential to consider their influence on the human environment so that a total solu-
tion for the proper design of the working environment to achieve optimal efficiency,
health, comfort, safety and production is attained.

In the Reportlx of the Director-General, International Labour Office, Geneva,
to the International Labour Conference in 1975, the importance of humanising work-
ing conditions and environment and the application of ergonomic principles to
achieve these have been discussed. The necessity of taking proper measures in
developing countries was also stressed, especially to avoid some of the ill-effects
of industrialisation in advanced countries, to ensure that benefits for the many
are not brought at the peril of the few.

It may appear that the requirements for an ideal environment for machines,
such as the proper conditions of temperature, humidity, ventilation, cleanliness,
lighting, etc., may be the same for the human operator. However, many workplaces
which may serve the needs of the machines with great efficiency fail to provide
the essential requirements of the human workers. A human being is immensely
affected by the size, shape, pattern, colour or aesthetic qualities of his surround-
ings, while a machine is entirely unaffected.

It is not enough for tuildings in which people work to be conceived as ideal
enclosures for sophisticated plants, expensive equipment and complicated machinery.
It is not sufficient for a factory or an office building to be just a shell
designed around a production flow diagram. The production flow in a modern fac-
tory and the work pattern in an office may be of vital importance but the environ-
ment in which the workers carry out their tasks is even more important.

The amenities in the form of rest and recreational areas, canteens and other
personal facilities are needed by the human operator but not by the machines. The
average human worker requires a complete change of environment after a period of
at least two hours for mental and physical relaxation and recovery, which are not
necessary for the machines,

Human beings will always be required to control, operate and maintain the
hardware of industry and commerce, and their safety, health, standard of living,
comfort, welfare, efficiency and productivity all depend to a considerable extent
on the environment in which they work.

Our society, which is rapidly being changed, must not only be technologically
advanced for its survival - it must also be a truly human society. In order to
achieve this goal, the builders of the working environment must take into considera-
tion the way in which space, both within and around buildings, is created, and the
shapes, sizes, patterns and colours of the space that affect the people and their
ways of living - work and recreation.

Today, part of the industrial unrest which is affecting most of the indus-
trialised countries of the world is due to the unbalanced advance of the technolo-
gical progress with new machinery, new techniques and new materials being put into
use often without any proper consideration or understanding of the human problems
involved. Because of this, the development may well become self-defeating, for
it is of little use devising means of vastly increasing production which may result
in industrial strikes, non-cooperation of workers and misery for man and society.
How a person lives and how he is affected by his surroundings at work and at home
are of paramount importance; imposed life patterns are dangerous, affecting health
and behaviour, and creating social unrest, labour turnover, etc. The problems of
the working environment in hot climates are even more numerous and of higher magni-
tude than those in cold climates. Unless correct measures are taken at the very
beginning of the design of the working environment, especially in hot climates in
the developing countries, so that the creation of workplaces which are physically
and mentally satisfying as well as efficient and economic is initiated, it may be
too late to do much at later stages or it may be too costly to effect modifications,
if at all possible.

% Por notes see end of paper.
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Those who build factories and office buildings seldom used to considerzthe use
of the principles of ergonomics (the science and technology of men at work)“ with
special reference to the effects that rooms, spaces and buildings have on people
and their performance. A factory building may be suitable for tgday's needs but
would almost certainly be inadequate for the needs of the future.

In cold climates, workspaces with deep internal areas without windows and in
a totally artificial and fully controlled internal environment in a building
envelope designed as a solid block with multistoreyed structure due to site limita-
tions or other factors are quite common, since these are more economical and can
have more efficient use of available floorspace and the advantage of reclaiming
wasted heat from lighting fittings, people, equipment, etc., for air conditioning.
With a totally integrated artificially controlled environment, the window ceases
to play an important part in providing either light or ventilation. Many of the
factories in tropical countries are unfortunately merely copies of the design of
the factories built earlier in cold climates and hence not appropriate to what is
required for such an environment. Even the design of public buses in hot cli-
mates™s”’ are merely copies of those used in cold climates. As a result, the
designs which were suitable for providing a warm climate inside the vehicle or fac-
tory environment in cold climates were most unsuitable for those in tropical
climates, especially when there is a large amount of heat produced on some shop
floors, such as in glass, steel and similar hot industries. Many of the new types
of factory buildings, therefore, are worse than those found with traditional
factory buildings in hot climates.

While standards of industrial building designs in cold climates in developed
countries have been rising in urban situations and on isolated sites, most of the
designs of industrial buildings in hot climates in developing countries in both
urban and rural situations remained in the form of large corrugated iron or asbes-
tos sheds linked only by open space or concrete yards, road or railway lines, waste
lands and dumps of materials.,

The architect should design the factory buildings in such a way as to bring
out the best of the natural possibilities. The task of environmental control is
to ensure the best possible indoor thermal conditions by relying on structural
(passive) controls, which may obviate the need for any mechanical (active) con-
trols; but even if mechanical controls have to be used, their task will thereby be
reduced to a minimum.

APPLIED ERGONOMICS IN FACTORY DESIGN IN HOT CLIMATES

Four basic determining elements in every design problem are function, form,
fabricating material and finance. An ergonomist must bring a harmony between
these elements in the design of factories for hot climates.

Some of the theoretical aspects of the industrial design of the working
environment and factory organisation from the viewpoints of architectgrs gnd ergo-
nomics, including psychological aspects, have been discussed earlier.©%:7»

An ergonomic study9 to help design the buildings of a drug factory and also
an estate for pharmaceutical industries under the Government of West Bengal in
India was undertaken by the Ergonomics Laboratory of Calcutta University, based on
some of the principles of ergonomics discussed in the present paper.

The important factors in the proper design of the factories are:

(1) the site in relation to human habitation, landscape, vegetation, altitude,
etc.; whether near the periphery of a town or in rural situations or in a
valley, etc.; to protect from flood, earthquakes, storms, insects, termites,
etc.; to avoid inversion temperature, pollution, etc.; to have good ventila-
tion, low humidity, etec.;

(2) the orientation of the buildings, including roofs, walls, windows, etc., in
relation to the wind direction, angle of solar radiation, etc.; to have the
best natural ventilation and minimal thermal heating of the buildings, in
relation to human comfort, activity and efficiency;

(3) the insulation and thermal capacities of the building materials;



(4) the use of sound material and the form of construction;

(5) correct design of workspace, windows, doors, stairs, corridors, etc., based
on the static and dynamic body measurements and motion of the workers,

It is so obvious that the types of factory buildings and building materials
for cold climates cannot solve the problems of factories in countries where heat
is the dominant problem, where, due to economic reasons, the consequences of poor
design cannot be compensated by very costly mechanical air conditioning, and where
the workers differ in body form, thermal responses, etc.

Design in relation to meteorological
conditions, site, location and layout
of surroundings

It is very important for the location and design of factory buildings to
consider the meteorological data over the years concerning rain, temperature, sun-
shine, humidity, speed and direction of wind and smog, etc. If the yearly data
are not recorded and analysed, it is essential to have at least data for 12 months
for selection of sites and design of factory buildings. Analyses of many of the
elements of micro-climate have a deciding role on the site and location of factory
buildings, particularly in tropical climates.

Normally, the climate is about 1.5°C cooler for every 300 m elevation in
altitude and the factory buildings are more exposed to greater wind speeds, though
there may be slightly more solar radiation due to less absorption.

Open, flat or convex sides of the land have the advantage of higher wind
speed, but the solar radiation may be greater due to reflection on the surfaces.
In contrast, concave forms, such as valleys and hollows, generally have greater
mean day temperature, less wind speed and lower night temperature. There are
also possible effects of temperature inversion in valleys (Fig. 1). In tempera-
ture inversion the normal temperature gradient from warm air near the ground to
cold upper air is reversed and cold air is held below a layer of warmer air. This
condition, usually invisible, occurs frequently and even in flat sites, as shown in
Fig. 2. When this happens the polluted air cannot rise, and so will be itrapped
near the ground level. It is obvious that factory chimneys of inadequate height
in an area of frequent temperature inversions can be a regular source of nuisance.

If an industry is allowed to be situated in the middle of the valleys to
gradually spread out until all flat land is filled, it may cause clouds of dusts
and smoke to hang over the valleys, as presented in Fig. 3.

The Katabatic flows of air and temperature inversions in valleys are to be
considered. The flow of cold air down valley sides occurs in frequent flushes.
Regional winds are deflected as a down-wash into a valley and these often carry
smoke and fumes down to the floor of the valley.

Local features, including the different types of buildings can substantially
modify the air movement and air temperature of the working environment. In olden
days, heavy-weight stone or brick buildings with high thermal capacity and with
high ceilings were being used in tropical climates to provide comfortable condi-
tions during the summer months as well as in winter. Nowadays, because of the
costs, very light-weight buildings with low thermal capacity and with thin concrete
slabs are being used, which could heat up quickly during the day and cool down
quickly during the night. When large glass windows are provided to increase the
natural daylight, it facilitates entry of solar radiation also, which warms the
surfaces inside the room, which in turn re-radiate, and this results in the uncom-
fortable conditions experienced inside the building.

It would bte very useful for the designer to know the time of the day and the
frequency of observations of sky conditions. A single average figure giving the
sky conditions for a typical day of a given month may not reveal significant
differences, e.g., between morning and afternoon conditions, which may affect the
design of roofs, overhangs and shading devices,

It is important to know the frequency, likely duration and nature of some rare
events such as dust storms, thunder storms, earthquakes, tornadoes, hurricanes,
floods, etc., since the designer must classify these rare events into those which
affect human comfort and those which may endanger the safety of the factory




\ Trapped
' \ Sun’s'heat, ' warm air
ez

WM%

Fig. 1: DPossible effects of temperature inversion
for a factory in a valley.

Normal
temp.gradient

Tall Chimney Layer of
warm air 'trapped

h//{/’%
imneys with inadequate 3
g S ol ORI b Cold
Smog

e

Fig. 2: The effects of a temperature inversion in trapping
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buildings and the lives of the workers. Vegetation, though generally regarded as
a function of climate, can influence the local or site climate of a factory. It
is an important element in the design of outdoor spaces, providing sun-shading and
protection from glare.

The nature and extent of climatic deviations and also their likely effects on
the intended building should be assessed ‘early in the design stage, before one is
comnitted to a certain solution which may prove to be difficult to rectify.

There is always a reduction in wind speeds near to the ground - down to 40 per
cent over rough terrain and 30 per cent in urban centres - but under certain condi-
tions with less slopes, funnelling, sharp ridges and solid obstructions, wind speed
may increase due to suction, turbulence and vortexes as shown in Fig. 4. It is
possible to locate sites which would experience a considerable degree of natural
wind. The wind velocity on urban sites is reduced to less than half of that in
the adjoining open country, but the funnelling effect along a closely built-up
street or through gaps between tall building blocks can be more than double the
velocity, as presented in Pig. 5. At the leeward corners of obstructions, strong
turbulences and eddies can also be set up.

Wind speed can be reduced by 50 per cent by a long horizontal barrier at a
distance of ten times the height and by 25 per cent at a distance of about 20 times
the height. Hedges, shrubs and trees act as screens to reduce wind speeds near
the ground, while having sufficient permeability to prevent excessive turbulence
(Fig. 4). Trees reduce dust movement, give a "green" outlook from windows and
provide desirable shade from solar radiation. A tall hedge or thick belt of shrubs
above eye-level isolates the pedestrian worker or passerby from the mass of indus-
trial plant or buildings. The advantages and disadvantages of trees, hedges,
shrubs, etc., should be carefully considered.

In choosing the location of the factory, consideration should be given to
siting it not far from workers' residential places so that it does not require
several hours of travel to get to work.

The higher the temperature of the air, the more water vapour it can hold.
Due to the lowest layer of air being heated by the ground surface during the day,
its relative humidity (RH) is rapidly decreased and, as a result, the rate of
evaporation is increased when water is available to be evaporated as with an open
surface of water or with rich vegetation or with higher air movement. The situa-
tion is reversed during the night. On a clear night, especially with still air,
the RH increases as the lowest layer of air cools.

The air temperature in a city can be about 8°c higher than in the surrounding
countryside and a difference of even 119C has been observed.

The relative humidity in an urban area is reduced by 5 to 10 per cent due to
the quick run-off of rainwater from paved areas, the absence of vegetation and the
higher temperature.

Olgyaylo was the first to propose a systematic procedure for adopting the
design of a building to the human requirements and climatic conditions. The
system has limited applicabtility, as the analysis of the physiological requirements
is based on the outdoor climate and not on that expected within the factory build-
ing in question. It is known that the relation of indoor to outdoor conditions
varies widely with different characteristics of the building construction and
design. The method, though suitable for application in humid regions where
ventilation is essential during the day and there is little difference between the
indoor conditions and those out of doors, could lead to erroneous conclusions if
applied in hot, dry areas, particularly in hot industries in the sub-tropics.

These include problems of overheating in the summer, of underheating or
excessive cooling in winter, of wetness during rainy seasons, etc. Those tempera-
tures below which heating is necessary are 18°C during the day and 15°C at sunrise,
although higher temperatures would be desirable.

The intelligent application of the principles of ergonomics to the design of
factory buildings in hot climates necessitates some understanding of the heat trans-
fer processes of conduction, convection, radiation and evaporation, as each play
an important part in the heat gains and losses in the factory buildings and the
workers. Without this understanding, the efficacy of building design may be con-
siderably reduced in the proper use of different materials and in the details of
construction to suit the comfort and performance of workers.



i~

Trees and shrubs

/:7 Possibility\\

=*=ﬁ=;zéﬁa'ofup-draugﬁt

Possibility
of down-
draught
__.\\\\\

/,; reduces air speed’
/// RS

Fig. 4: Trees and shrubs reduce windspeed. Obstructions,
though reducing air speed, may produce an
up-draught or a down-draught due to funnelling,
suction and other effects.

AN
Tall b

Fig. 5: Phenomenon of tall buildings producing
increase of wind speed due to suction
and turbulence near low building blocks.



Thermo-regulation, tolerance and comfort
of workers

The thermal balance of the human body can be expressed by the following
equation:

M-Efomtevir-=o,

where M is the metabolic heat or energy expenditure, due to activity, shivering,
etc., E is the heat loss due to evaporation of sweat or moisture, CD is the conduc-
tion heat from contact of warm or cold bodies, CV is the convection heat from the
air hotter or cooler than the skin, and@ R is the radiation heat gain or loss from
the sun and sky and hot or cold surfaces.

As soon as the sum of all the factors becomes greater than zero, the blood
circulation to the skin surface is increased due to vasomotor adjustments, more
heat is transported from the body core to the surface, and the temperature of the
skin is elevated with a resultant acceleration of all forms of heat loss to the
environment. Conversely, when the sum becomes less than zero, the blood circula-
tion to the skin and hence the skin temperature are reduced and the heat loss pro-
cesses are slowed down.

The normal skin temperature is between 31°C and 34°C. As the air temperature
approaches the skin temperature, convective heat loss gradually decreases. Vaso-
motor regulation of the human body tries to increase the skin temperature to a
higher limit (34°C), but when the air temperature reaches this point, there will be
no more convective heat loss,

The four basic factors which directly affect human comfort are air temperature,
humidity, air movement and radiation.

The summary of the thermal data at the actual places of work in different hot
industries in Indiall-16, 49 are presented in table 1. It will be seen that these
workplaces are much hotter than similar places in cold countries.

Table 1: Mean maximum thermal data at some of the actual places of work in different hot
industries in India

Industries Dry-bulb Wet-bulb Relative Globe temp. Air speed CET (B)
temp. temp. humidity
°F °¢ °F e °F °c ft/min cm/sec °F v
Textile mills 99.0 37.3 97.5 36.4 92.0 99.5 37.5 375 190 92.5 33.6
Soap factory 97.4 36.4 8l.6 27.6 88.0 100.0 37.8 420 210 84.6 29.2
Steel rolling
mills 109.0 42.8 89.0 31.7 46.0 142.0 61.2 1 500 750 97.2 36.3
Coke oven
battery 105.0 40.6 75.0 23.9 23.0 174.5 79.2 950 475 101.7  38.7
Foundry 97.0 36.1 83.0 28.4 55.0 135.5 57.5 = 400 200 95.3  35.2
Glass factory 152.0 66.7 93.0 33.9 10.0 210.0 98.9 1 500 750 105.0 40,6

Outdoors (in
shade) 96.4 35.8 86.0 30.0 62.0 102.2 39.0 520 260 101.3 38.5

Note: CET (B) = Corrected effective temperature (basic).
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High thermal load in hot industries in a tropical country increases the load
on the cardiovascular system by increasing heart rate and blood pressure to force
more blood to the skin for cooling by the evaporation of sweat. The high thermal
load combined with metabolic heat increases the body temperature and at times may
even cause heat disorders in hot climates, whereas the metabolic heat in workers of
cold climates helps to combat cold.

For physiological comfort in hot, dry climates, buildings must be adapted to
the summer conditions as, in general, the winter requirements will be satisfied by
a building in which comfort in ensured for the summer. The low humidity in the
hot, dry conditions allows an adequate sweat evaporation rate from the body even
in ‘still air, and thus air motion need not be great to prevent discomfort due to
moist skin. Natural ventilation during the day is, therefore, unnecessary for
evaporative cooling and undesirable for convective heat exchange, and the ambient
air speed under "still" air conditions may be taken as 15 cm/sec. This slight
air movement is the result of convective air currents caused by surface temperature
discrepancies between differently oriented walls, Thus with a wind velocity of
16 ¥m/h (10 mph), the indoor air speed would be expected to range from 35 cm/sec
(70 ft/min) with poor ventilation to about 150 cm/sec (300 ft/min) with efficient
cross-ventilation. Higher velocities are not necessary for comfort and may even
be annoying.

Men at rest can tolerate a greater amount of thermal stress than do men doing
hard work.l7 The more vigorous the work, the less easily do the workers tolerate
severe thermal stress.

The ene{§y gxggn%%tzges at different industrial tasks performed by workers in
hot climatesil-16,18-20, are found to be different from those of their counter-
parts in developed countries,21l,22 as shown in table 2.

The higher energy expenditure of similer industrial tasks in hotter climates
is due to higher metasolism at higher tissue temperature, increased blood flow and
sweat gland activity. 2 Moreover, due to mechanisation in developed countries,
the peak workload of industrial workers has been reduced, whereas due to the
problems of unemployment, poverty, etc., the workload of workers in developing
countries did not change.

Table 2: Energy expenditure of Indian adult male workers in different industrial tasks

Industrial tasks Mean Range Industrial tasks Mean Range
Kcal/min Kcal/min Kcal/min Kcal/min
1. Cotton textile mills 4. Foundry
Carrying bales 5.2 3.2-6.3 Furnace attending 2.1 1.8-2.4
Carrying laps 4.1 3.7-4.5 Moulding 3.9 3,0-4.8
Drawing 3.9 3.2-4.5 Core making, baking 4.0 1.9-8.5
Spinning (double
side 2.4 2.3-2.5 5. Glass factory
Winding 2.8 2.7-2.9 Bottle making:
L By hand:
Sizing 2.2 1.5-3.5 q .
Weaving: 2 looms 1.8 1.3-2.3 Celp}ng 2.6 1.6-3.3
4 looms 1.9 1.7-2.8 utting 2.3 1.9-2.6
Airing 1.6 1.3-1.9
2. Soap factory .
Barrel or drum By $ach%ne:
opening 5.4 3.8-6.8 g azklng 1.3 1.2-1.6
Rosin breaking 6.1 5.5-6.7 orting 1.5 1.3-1.8
Pan unit attending 3.5 2.9-4.1 Attending furnace 2.4 1.8-3.3
Pumping 3.9 3.6-4.9 6. Manual material
3. Steel rolling mills %ﬁ
Billet pulling 3.8 2.6-4.5 o ting 2.8 4.6-14.2
Billet conveying 4.1 3.6-4.7 arrying 10.0 5.6-13.5
Front roughing 4.9 3.6-6.3 7. Laboratory work
Bar holding 3.0 1.6-4.4 Standing working 1.7 1.2-2.1
Looping 2.9 2,8-3.1 Sitting working 1.3 1.0-1.6
Coiling, platform
operating 1.4 1.1-1.7




Maximal physica% work capacity of industrial workers at comfortable temperature
conditions in India23,24 was found to be much lower (shown in table 3) than that of
the westerners in cold climates. The thermal load in hot industries reduces the
capacity further,27,28 as given in table 4. Thus, the proper design of factories
in hot climates plays a great role in reducing the thermal load, thereby increasing
comfort, performance and productivity of the workers.

Table 3: Maximal physical work capacity (maximal oxygen uptake) of Indian adult male
industrial workers with mean body weight (kg) 55.6 ¥ 0.93 and mean body
height (cm) 165.0 ¥ 0.58 at comfortable thermal conditions

Groups Maximal oxygen uptake
Litres (STPD)/min ml (STPD)/min/kg
Age groups:
20 - 29 yr (N = 37) 2.46 + 0.05 45.23 + 2,03
30 - 39 yr (N = 31) 2,33 + 0.04 43.04 + 1.75
40 - 59 yr (N = 16) 2.13 + 0.03 34.96 + 0.90

QOccupation groups:
(heaviness of jobs)

Light (N = 7) 1.67 + 0.02 30.94 + 1.36
Moderately heavy (N = 19) 1.91 + 0.05 36.22 + 0.79
Heavy (N = 30) 2,27 + 0.05 40.67 + 1.41
Very heavy (N = 17) 2.50 + 0.06 41.98 + 1.99
Extremely heavy (N = 11) 3.17 + 0.08 55.51 4+ 2.26
A1l groups (N = 84) 2.31+ 0.14 41.08 + 1.56
Dry-bulb °F  Wet-bulb °F  Globe °F Relative Air speed ft/min CET (B) °F
(oc) (oc) (°c) humidity % (cm/sec) o¢)

83.0 + 0,10 67.8 + 0.12 83.0 + 0.09 " 47.1 + 0.33 175.0 + 2.37 70.6 + 0.06
(28.4 + 0.05) (19.9 + 0.06) (28.4 + 0.05) (88.9 + 1.20) (21.5 + 0.03)

Mean + standard error; N = number of subjects; CET = corrected effective temperature
(basic).

Table 4: Maximal physical work capacity (maximal oxygen uptake) of Indian adult male
industrial workers (N = 84) at three different thermal conditions

Heat stress index Maximal physical Maximal oxygen uptake
CET (B) work capacity
o o . .

F c KeM/min Litres (STPD)/min ml (STPD)/min/kg
70.3 + 0.34 21.3 + 0.19 1 025.8 + 27.2 2.31 + 0.14 41.08 + 1.56
80.7 + 0.42 27.1 + 0.23 935.8 + 27.5 2.05 + 0.05 36.43 + 1.58
90.2 + 0.25 32.4 + 0.14 847.6 + 27.2 1.81 + 0.06 32.23 + 1.36

N = number of subjects; Mean + standard error; CET (B) = corrected effective temperature
(vasic).
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Among the workers of the cold and hot climates accustomed to such climates,
there are also differences in the thermal comfort levels29,30,49 and the limits not
to be exceeded without a risk of endangering health and efficiency considerably, as
given in table 5. It is important to note that thermal balance is essential for
thermal comfort but it can also be achieved by the thermo-regulatory mechanisms
such as blood circulation, sweating, etc., of the body under conditions of dis-
comfort,

Table 5: Optimum comfort zone with typical thermal conditions for Indian adult male
industrial workers with usual clothing at different levels of activity in
winter and summer seasons

Activity and Range of Typical thermal conditions
seasons comfort
—————— Dry-bulbd Wet-buldb Relative Globe Air
CET (B) temp. temp. humidity temp. speed
°p °c °r °¢ °F % % °F °c ft/min  cm/sec

Very light work:

Summer 78.8 26.0 90.5 32.5 T4.0 23.4 47 99.0 37.3 500 250
Winter 73.0 22.8 73.5 23.1 56.5 13.6 32 94.0 34.5 30 15
Heavy work:

Summer 68.9 20.5 82,5 28.1 65.0 18.3 38 90.0 32.2 700 350
Winter 64.5 18.1 75.0 23.9 55,0 12.8 25 80.0 26.7 100 50

CET (B) = corrected effective temperature (basic).

Body shape or the surface to volume ratio has an effect on the thermal
preferences. A thin person generally found in hot climates has a_much greater
body surface than a short, fat person of the same body weight,>1-33 and he or she
can dissipate more heat and will tolerate and prefer a higher temperature.

Dark skin of the people in hot climates containing the pigment melanin pre-
vents the penetration of damaging ultraviolet rays and increases the heat emission
from the body in the same proportion as it affects absorption; thus it is more
resistant to the damaging effects of sunshine.

Men in the older age—groups tolerated severe thermal stress very nearly as men
in the younger age groups.J4 In severe heat, the reaction of both groups was very
‘nearly identical, whereas due to the higher body fat and greater amount of-clothing,
the females have some difference in thermal comfort and tolerance levels. Fac-
tories where only females would work should take this and other points into con-
sideration in the design.

A reduction in the amount of work clothing will increase the ability of men
to withstand thermal stress, except under conditions involving very great amounts
of radiant heat or in circumstances where there is very fast-moving hot a%g. Men
wearing the least clothing withstood more easily the higher temperatures.

All this has a considerable bearing on the design of industrial buildings to
produce optimal conditions for the workers. It is obvious that the same design
of industrial buildings in cold climates would be very unsuitable for hot climatic
conditions due to these differences,

For warm, wet conditions it has been estimated36 that over 2,000 N/m2 vapour ,
pressure, every 1 m/s increase in air speed compensates for an increase of 300 N/m
in vapour pressure. When the air is completely saturated and warmer than the
skin, air movement would only increase discomfort and heat gain. Fortunately,
such conditions are seldom met in nature. The highest humidities, even in warm,
humid conditions, are experienced when air temperature is below skin temperature,
whilst the highest temperatures are accompanied by moderate humidities. But such
conditions can quite easily be produced inside factory buildings of poor design and
with bad management.
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Materials and form of construction

Specific features of design and of structural materials37 that affect the
response of a factory building to exposure to climatic elements are the quantity of
solar radiation absorbed in and penetrating the building, the air surface tempera-
tures, the air velocity and the vapour pressure.

In a hot climate, the function of the building envelope is to moderate the day-
time heating effects of the external air and solar radiation on the structure and
its interior. At the same time, the rate of cooling during the night should not be
over-reduced.

In choosing suitable building materials in hot climates, two ambient charac-
teristics are of primary importance: +the maximum temperature and the diurnal range
dependent on vapour pressure level. A third significant factor is the absorbted
solar radiation, which depends on the orientation and external colour of the build-
ing element in question. The most important thermo-physical properties are the
thermal resistance and heat capacity, which may often be expressed together by the
product of the two. But as the mechanisms of heat flow control operating through
the two factors are different, the effectiveness, and hence the relative importance,
of each with respect to physiological comfort within a building varies differently
with the climatic characteristics.

The ground loses much heat by radiation, particularly on clear nights, and soon
after sunset its temperature falls below that of the ambient air. The direction
of heat flow is reversed from the air to the ground. The lowest layer of air
becomes cooler.

A ‘difference of temperature between the inside and the outside, or between
different parts of a building, will result in a transfer of heat from the warmer to
the cooler areas. Any wall, floor or roof will offer some resistance, but will
not entirely prevent heat transfer. The purpose of thermal insulation is to
restrict and delay the rate of transfer.

Insulation will be most effective under steady state conditions, or when at
least the direction of the heat flow is constant for long periods of time, espe-
cially in heated or air conditioned buildings. Where the direction of heat flow
is reversed twice in every 24-hour cycle, the significance of insulation will be
diminished.

The effect of solar radiation on opaque surfaces can be combined with the
effect of warm air by using the sol-air temperature concept of Mackey and Wright.38
The magnitude of sol-air temperature influenced by the factors of absorbance and
surface conductance shows that the selection of colour has some effect; the selec-
tion of material is, however, of greater significance. Variations in surface
conductance are even less, but a lesser absorbance and a greater surface conductance
would reduce the solar heating effect.

By far the greatest source of heat gain can be the solar radiation entering
through the windows, This could, in fact, increase the indoor temperature far
above the outdoor air temperature. Overheating is a problem in all tropical cli-
mates. For the reduction of solar heat gain through windows, four variables are
within the control of the designer:

1. orientation and size of windows;
2. external shading devices;
3. internal blinds, curtains, etc.;

4, special glass.

Design of shading devices

In hot climates it is very important to shade the outside walls of a building
exposed to high levels of sunlight.39 This can be done by creating permanent
screens or louvre blades, a reinforced canopy or externally applied venetian blinds,
or planting tall trees with thick leaves or shrubs. These are very effective when
they shade the east and west walls of the building, which are exposed to the morning
and evening low-level sunlight.
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Shade is required not only against direct solar radiation but also against
diffused radiation from the sky which, in tropical regions, may reach very high
intensities (0.75 Kcal/cm2/day on a horizontal surface).

When horizontal adjustable louvres are used, they should be constructed so as
to enable their opening a2t an angle of approximately 1209, so that when required
they also direct the air flow towards the occupied zone. In multistoreyed build-
ings, window overhang shades tend to reflect an appreciable amount of solar radia-
tion on the walls and into the windows of the upper storeys. The vertical shadow
angle measures the performance of horizontal shading devices.

Vertical shading devices consist of lower blades or projecting fins in a
vertical position. The horizontal shadow angle measures their performance.
Narrow blades with close placing may give the same shadow angle as broad blades
with wide spacing. It will be seen that this type of device is more effective
when the sun is to one side of the elevation, such as an eastern or western eleva-
tion. The shading masks with segmental shape will be most effective when the sun
is opposite to the building face considered and at a high angle, such as for north-
and south-facing walls, To allow sun only at a low angle, this type of device
would have to cover the window completely, permitting a view downwards only.

Egg-crate shading devices are combinations of horizontal and vertical elements.
The many types of grille-blocks and decorative screens may fall into this category.
The construction of shading masks for moderately complex shapes is effective for
any orientation depending on detail dimensions.

Once the necessary shedow angles have been established, the design of the
actual form of the device will be quite simple and it can be postponed to a later
stage when it can be handled together with other considerations, structural or
aesthetic, daylight or air movement.

The aridity in hot, dry areas is accompanied by several characteristics of
importance to human comfort and to building design. Direct solar radiation is
intense, up to 700-800 Kcal/m¢h on the horizontal surfaces, and may be further aug-
mented by the radiation reflected from the barren, light-coloured terrain.

In hot, dry areas the main consideration is to reduce the impact of solar
radiation on buildings and to provide shade in the streets, recreational areas, etc.
All the internal roads leading to the different buildings of a factory should have
shade from the trees planted on the sides of the pedestrian pavement. Where hot,
dry winds are associated with dust storms, wind control should be aimed at protect-
ing rather than obtaining the best ventilation. Internal courtyards and patios
are often provided for social purposes and also as resting areas. During the day,
ventilation is reduced to a minimum to exclude the hot, dust-laden outdoor air from
the interior.

In warm, humid regions, the planning should be directed towards optimum ventila-
tion conditions and maximum protection from solar radiation.

Design of roofs and walls

If a heavy-weight roof with an external layer of efficient insulating material,
itself protected by a waterproof light coloured (whitewash) covering, is used, heat
flow during the day from external to internal layers is restricted by the insula-
tion and reflecting surface and only a small portion of the potential heat is
absorbed in the elements.

High heat capacity concrete walls externally insulated by rockwool or expanded
plastic and covered by waterproofing materials are suitable for this purpose. A1l
external surfaces should be as near to white as possible. The high thermal capa-
city of the concrete layer reduces the effect on internal temperatures of any heat
which thus penetrates.

The whole roof may be externally covered by a polythene sheeting at a distance
of 10-20 cm above the roof surface. Polythene (polyethylene) is transparent to
radiation of the wave length around ten microns emitted by the roof, placing little
restriction on radiative cooling of the roof at night. The disadvantage of the
method is the deterioration of the polythene sheets due to the exposure to the sun,
so that they have to be replaced at intervals.

The alternative of double-roofing at much less cost, especially in factories in
rural areas in hot climates, is to maintain vegetation on selected portions of the
slanting roof.
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Orientation and design of windows

In the equatorial location, the main windows should face north or south to
avoid solar heat gain. At the higher latitude, though an orientation away from
the Equator would receive the least sunshine, it may be desirable to have =wme
solar heat gain in the winter when the sun is low, and so an orientation towards
the Equator may bte used where the workplace does not generate much heat. In both
locations the minor openings at unimportant workplaces should be placed on the east
and west sides. Solar heat gain in the west side can be particularly troublesome as
its maximum intensity coincides with the hottest part of the day.

If wind is to be captured or a pleasant view is to be utilised, etc., the
opening of windows may at times override the solar consideration.

It is generally believed that to give optimum conditions of ventilation, the
inlet window should directly face the wind. Any deviation from this direction
reduces the indoor air speed. However, this is not always so. In some cases,
better conditions can be achieved when the wind is obkligue to the inlet windows,
particularly when good ventilation conditions are required in the whole area of a
workplace. When the wind is oblique (at 450) to the inlet opening of the same
workplace, most of the air volume takes up turbulent, circular motions around the
room, increasing the air flow along the side walls in the corners.

Very good ventilation conditions are possible in regions with westerly windows
even when the long fagcade with the inlet windows is turned by 459 to the north-
west or south-west, where shading is much easier.

The air movement could be grossly influenced by the way the window blinds or
sashes open. If the hinges on the windows are fitted properly depending on direc-
tion of prevalence of the wind, the window blinds or sashes would act as deflectors
to direct the wind through the windows, whereas if the hinges are fitted in the
wrong way, the wind would bte directed away from the room. In many of the fac-
tories in the tropical climates, just changing the hinges from one to the other
side of the window frame may improve the climatic conditions greatly (Fig. 6).

This point has been overlooked in many factories in hot climates.

WRONG RIGHT

A4

Wind
Deflection

Obstruction

Fig. 6: Correct method of fixing window blinds or sashes so as to facilitate
entry of wind from the prevailing direction of wind

Windows may be large but should be protected by movable insulated shutters;
apart from small apertures for illumination, both windows and shutters must be
closed during the day.

The most effective height of the windows from the human comfort aspect is
about 0.5 to 1.5 m above the floor. It is preferable to use horizontally pivoted
windows with upper hinges which, when open, would direct the air flow downwards.
For hot areas, large sliding walls should be used, which may be kept open most of
the time but closed during storms or rain to provide good control of the conflict-
ing requirements for maximum ventilation alternating with wind, dust and rain pro-
tection during storms.



- 14 -

It is particularly important in hot areas to have two horizontal strips of
window places in different walls, to provide the most adequate arrangements, one at
the height of the floor and the other just below the ceiling, thus causing air
motiog in the room by thermal force during windless hours.

In a centrally heated factory room in a cold climate the opening of a small
window for only five minutes may cost a fraction of a dollar due to loss of heat,
whereas it may be rightly desirable to open all the windows for greater ventilation
in a non-air-conditioned factory room in hot climates.

To minimise the tlocking of air flow through fly screens, e.g., in a drug
factory, it is preferable to install them at some distance from the wall, rather
than directly on the windows, and extending them over a much larger area than the
windows. When there is a balcony adjacent to the workroom, it is possible to
ensure insect protection with less interference of ventilation by fixing a fly
screen around the balcony, thus enabling the entry of air through a wider area.

Good ventilation not only keeps the workers cool and comfortabtle, it also
helps dispersion of odour offensiveness, harmful dusts, fumes and smoke from the
working environment which tend to increase with an elevation of air temperature.

In hot tropical climates, fans should be used to increase air movement to at
least 0.5 m 87+, High air speed increases the thermal comfort by increasing the
evaporation of sweat and the heat loss by convection, both in hot humid and hot
dry conditions.

The use of ceiling fans should be avoided in hot climates as these blow back
the hot air from the top on to the workers. The inlet air blowers at the floor
level or so-called "floor fans" or the circulators sucking the cold air from lower
windows are much better. But at much higher air speed the body may gain heat
from the hot air, which is to be avoided.

A loss of heat by evaporation of water is utilised in hot, dry climates by
passing the air through meshes or weeds soaked with water. But in hot, humid
climates this process cannot be used. Much of the sweat which is produced by the
body is dripped away and not utilised for cooling the body by evaporation of sweat.

The largest air speed will be obtained through a small inlet opening with a
large outlet. When the inlet opening is large, the air speed will be less, but
the total rate of the air flow or volume of air passing in unit time will be
higher. When the wind direction is not constant, or when the air flow through
the whole space is required, a large inlet opening will be preferable. The best
arrangements are full wall openings on both sides with adjustable sashes or closing
devices which can assist in channelling the air flow in the required direction,
following the change of wind.

Unfortunately, it will be found that the highest temperatures often coincide
with the least amount of breeze. As this would be the critical situation, the
best that can be done is to provide openings as large and unobstructed as possible
to make the building as transparent for wind as practically feasible.

The predominance of high humidity necessitates correspondingly high air speed
to increase the efficiency of sweat evaporation and to avoid as far as possible
discomfort due to moisture on skin and clothes. Continuous ventilation is, there-
fore, the primary comfort requirement and affects all aspects of building design
such as orientation, the size and location of windows, layout of the surroundings,
ete., Even with the maximum ventilation there are limits under which comfort can
be achieved in a warm, wet climate.

One of the chief causes of discomfort in warm, wet climates is the subjective
feeling of skin wetness. Ventilation should ensure a sweat evaporation rate
sufficient not only to maintain thermal equilibrium but also to enable evaporation
of sweat as the sweat emerges from the pores, without accumulating on the skin.
The provision of continuous and efficient ventilation, protection from the sun,
rain and insects, prevention of the increase of internal temperature during the
day and minimisation during the evening and night are the requirements for the
design of a building in warm, wet climates.

To adequately cross-ventilate the areas of a factory building, either all the
areas should be provided with doors, windows, etc., on both windward and leeward
sides of the building, or those areas on the windward and leeward sides only should
be given access through large openings to rooms on the opposite pressure sides,
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To raise the building on pillars is advantageous in a warm, wet climate because
it enables better ventilation by locating the windows above the zone of maximum
damping of wind by the surrounding vegetation, etc., and also by enabling the cool-
ing of the floor from below, which is particularly beneficial at night. In addi-
tion, the building is better protected from floods and from termites.

Occasionally, underground rooms are provided in which temperature fluctuations
are further stabilised at a level close to the annual average; the summer tempera-
tures are, therefore, much lower than in the buildings above the ground.

Conditions which are perfectly comfortable may produce adverse effects if con-
stant and there is no change at all over prolonged periods.

One of the basic needs of the human being is change and variation, a fact
which has been ignored by early research workers. This point is particularly
noticeable in mechanically controlled environments, such as in air conditioned
buildings, where the environmental conditions can be and often are kept constant
within very fine limits. What the designer should aim at is a range of comfort
conditions within which considerable variations are permitted.

It is quite interesting to observe that people enjoy natural, cool and fluc-
tuating fresh breezes even when these stop for a few seconds at random, while
people complain of the monotonous air movement at the same temperature and constant
speed in an artificial climate. If these observations and causes are proved
beyond doubt, in future the artificial climate may have to incorporate the random
variation of air speed and air temperature within prescribed limits to provide the
most comfortable conditions for workers.

The ordinary gentilation in the factories and workshops in hot climates should
be at least 5.0 ft° (1.4 m3) per person per minute. The air speed at the head
level should be at least 100 cm/s (200 ft/min).

Design in relation to lighting,
colour and noise

It is surprising that even today simple issues of heating, lighting and
ventilation are too often inadequately considered and acoustic problems are not
properly dealt with.

Where rooms or shop floors rely on natural daylight, the maximum practical
depth is about 5 m (or 20 ft) from the window wall, and this may be increased to
about 7.5 m (or 30 ft) where a scientifically designed combination of artificial
and natural lighting is employed. Even mixed 1ightin6 by means of daylight and
electricity limits the working depth of a shop floor.4

The effects of colour on people at work are to be considered for the scienti-
fic use of colours in the rooms and shop floors. In hot areas the "cool" blue or
green colours, as against "warm" red should be used to give subjective sensations
of coolness or impressions of reduced temperature.

The ceiling of a factory building plays an important role, particularly in
reducing reverberant noise. Though people, furniture, wall linings, soft flooring,
etc., all act to absorb noise to some extent, a considerable proportion of any
noise travels upwards to the ceiling. There is a wide variety of acoustically
absorbent materials suitable for use in ceilings.4l  The so-called "false" ceiling
with sound-absorbing material not only reduces noise but also helps to insulate
and thus minimises transfer of heat from a hot roof to the shop floor.

Design in relation to safety, health,
pollution and welfare

Normally, factories should be so designed that the use of personal protective
equipment against heat, dust, smoke, fumes, noise, accidental injuries, etc., is
eliminated or at least minimal. If the hazards cannot be reduced at the source,
then personal protective equipment has to be used, but one has to foresee that it
might be impossible for the workers to endure wearing protective equipment in hot
conditions,
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The normal psycho-physiological conditions of activity and rest with recovery
from stresses are impeded by unfavourable climatic conditions and the resulting
stress on body end mind causes discomfort, loss of efficiency and may eventually
lead to a breakdown of health or even cause accidents. It is & challenge for the
designer of the factory building to strive towards the optimum of total comfort,
i.e., complete physical and mental well-being.

A well-designed working environment includes not only suitable physical condi-
tions of ample ventilation, heat dissipation, illumination and other comfort
standards, but also the tangible and intangible amenities that can transform dis-
content and boredom into interest and a sense of participation by the workers, as
for example the availability and use of shower facilities in hot climates, which
are very much favoured.

Any industry that has a high "fatality rate" and a poor accident record is
inefficient and it loses productivity through the loss of man~hours and discontinu-
ity of work. Many unnecessary burdens are placed on the social services and the
economy of the country as a whole and the degree of human suffering is immeasurable.
A human life is irreplaceable. Loss of limbs and inability to work only bring
misery and personal ruin,

For minimising accidents, the design criteria should take into consideration
the major causes and frequency of different types of accidents from the records of
similar industries in hot climates.

In hot, dry conditions, the chances of fire are much greater than in cold
conditions, and hence greater precautions should be taken and better facilities
provided for fire exits, structural fire bharriers, safe internal and external
access, especially in multistoreyed buildings. Industry has to count the cost of
necessary precautions and control measures and the cost will in the long run have
to be related to the total benefits to be expected from the process. The costs
should be regarded as an essential part of the process and not simply as an added
burden to be carried on the back of the manufacturer.

Factories and air pollution

The recent planning policy of most of the countries has been to encourage
siting of industrial zones on the outskirts of new towns, or siting state or
government-sponsored industrial estates outside townshiﬁs, mainly to reduce the
effects of pollution on the people living in the towns.43,44  With the ever-
increasing number of factories or industries, the threat of air, water and land
pollution greatly increases.

To deal with aspects of pollution directly related to the design of landscape
and buildings for industries, one has to consider the effects of waste materials
or surplus energy generated by various forms of human activity in industry threaten-
ing damage to man's health, possessions, food supply, recreation and also to plants,
animals and wildlife. In addition, there is pollution due to noise and other
environmental nuisances generated from the factory buildings.

Air pollution arises from smoke, fumes and other gaseous emissions, dusts and
grit from the factory processes directly discharged into the atmosphere.
Obviously, the design of the factory building, including the ventilation systen,
chimneys, etc., must be done properly to cope with the minimum interference and
pollution of the air by toxic and other substances. These pollution problems are
enhanced by tropical climates., It is, therefore, very important that industrial
plants and buildings be built to help in the effective control of pollution and its
reduction. ’

The effect of a temperature inversion in trapping smoke and fumes near the
ground is obvious. It is important to find out the height at which temperature
inversion occurs. Very tall chimney stacks with correct height are able to pene-
trate the inversion layer to discharge their fumes in the rising air and thus avoid
pollution (Fig. 2).

The heaviest air pollution comes from the burning of fossil fuels. Coal pro-
duces dusts and smoke which are considered specially harmful when trapped as fog.
The photochemical smog which arises from the complicated chemical reactions of the
emissions of the internal combustion engine in the presence of sunlight is an
indirect effect of pollution from industry as it arises from transport movements.
In order to avoid these, siting and design of the factory buildings, including the
chimneys, should be made scientifically, and for this the effects of inversion and
the effects of local microclimate conditions of mechanical and thermal turbulence
upon the plumes from tall chimneys or stacks (Fig. 7) have to be considered.
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One trend of modern industry is to get out into the open and not worry about
buildings. It is easy to get rid of the gaseous by-products, but the downwind
public is becoming more pollution conscious.

Factories and water pollution

Water pollution may occur from the falling rain passing through smoky and
polluted air, by ways of ditches, ponds, streams, rivers, estuaries, etc., to the
direct polluting of the sea itself. Many of the wastes of the factory are
directly discharged into rivers, except in countries where there is strict enforce-
ment of control measures to avoid pollution. Pollution of water may not neces-
sarily render it toxic but often the effect is to deprive the water of oxygen and
thus reduce its capacity to support life. The effects of thermal pollution are
similar, The design of the factory buildings to avoid such pollution is an
important necessity.

Factories and land pollution

Polluting of land arises from the solid wastes. Industrial chemicals destruc-
tive to insects and bacterial life may be leaked into the soil from the waste
dumped upon it. The toxic and caustic effluents from chemical plants usually
involve great risk. The disposal of this must be done properly and the design of
the factory building helps this greatly.

Design in relation to storage, cleanliness
and maintenance

In tropical countries, the prevalence of hot and dry conditions leads to a lot
of dust. The factory should be so designed that the routine storage and mainten-
ance of cleanliness is made easy. Hence either the glass windows should be at the
lower level, or the glass windows near the top of a "saw-tooth roof" factory, for
example, should have at least a low cost bay with safety guardrails for safe, easy
and regular cleaning. A broom brush fitted on rollers so that the windows can be
cleaned from the outside by pulling from one end to the other is also useful.

Basy accessibility for regular and proper maintenance of machinery must be con-
sidered in the design of the factory shop floor.

Better understanding of certain aspects of human motion and body measurements

for use of criteria and for guidance in the design of workplaces are necessary, as
wasted movements are a source of inefficiency in production.

Design in relation to power supply

In the days of power crises, it is very important to design factories in hot
climates to make much greater use of natural ventilation and daylight. The short
supply of energy in the form of electricity, diesel, coal, etc., will be much more
aggravated in the years to come.42 Conceptual ergonomics would suggest the minimum
use of these forms of energy in maintaining the comfortable conditions in the
factory buildings, especially in hot tropical climates, and maximum use of natural
cross-ventilation, natural daylight, reduction of direct solar radiation in heating
the roof and walls of the buildings by use of good reflecting double-roofs or vegeta-
tion on the roof, good ventilation, sunbreakers or reinforced concrete canopies,
forced cold air inlets through ducts under the floor or lower windows.

Nowadays it is quite common to make economical use of fuel by planning coke
ovens, blast furnaces for pig iron, steelmaking converters, and fabricating mills on
the same site, the whole plant thus comprising one large type of industrial installa-
tion making the best use of modern insulating materials and other means to prevent
the escape of heat into the surroundings. In future, the factories in hot climates
may advantageously utilise solar radiation on the roofs to cool the working
environment of the workers.
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Design of industrial estates

Tt is not enough to design one industrial building, even when it is well
constructed. Tt is essential to have ergonomic considerations in designing indus-
trial estates to reduce the cluster of small buildings and to improve the layout
by various methods. A logical and scientific flow diagram for intake of raw
materials and for output of finished products should be worked out for all the
factories in the group, so that efficient road, rail and conveyor systems can be
made with common points for packaging, loading and unloading, and common facilities
for maintenance, security, safety, medical clinics, canteen, recreation, sports and
other organisations, and common services for electricity, fuel, gas, water, steam,
compressed air, refrigeration medium, telephone, etc., and a ring circuit of refuse
and waste disposal could be economically viable and useful. According to the
suitability, any one of the different types of layout or plans>35 such as linear or
radial or ring types (Fig. 8) may be used.

In good industrial planning, orderliness and over-all integration are combined
and options for maximum future expansion are kept open.

Moderately compact internal planning of factory blocks will be of benefit for
most of the year. Courtyard-type buildings are very suitable, since ventilation
and light from both the external and internal sides are available. Buildings are
to be grouped in such a way as to take advantage of prevailing breezes during the
short period when air movement is necessary. A moderately dense, low rise develop-
ment is suitable for these climates, which will ensure protection of outdoor
spaces, mutual shading of external walls, shelter from the wind in the cold season,
shelter from dust and reduction of surfaces exposed to solar radiation in the hot
season, Wind speed above the level of the bulk of the industrial building blocks
in the town, to which the higher buildings are exposed, is much higher. In a hot
climate, in particular a humid one, this is obviously an advantage.

When the high buildings have also large horizontal dimensions, they divert
the air flow above and over the blocks and cause "wind shadow" behind them (Fig. 4).
On the other hand, when the horizontal dimensions are not much larger than those of
the lower buildings, the turbulence and pressure difference created around them
improves the ventilation conditions of lower buildings in their neighbourhood.

"Tpndustrial parks" or recreation woodlands or "greens" are used as buffer zones
between belts of industry.

In some planning regulations, importance is given to the patterns of industrial
development by which the commercial office centre of a town is segregated from
residential and shopping areas. This is going out of favour since it has led to
cities becoming dead at night after the .office and factory workers have gone home.
The type of mixed development is more humane and now acceptable by many.

Control on factory design

Unless the planning, location aund design of the factory buildings are properly
controlled from the very beginning, it will be extremely difficult to avoid grave
situations in the years to come. In many countries, national laws, acts and local
rules, regulations and restrictions determine location, construction and material
usage in factory buildings.44 These acts, rules, regulations and restrictions
should also be based on the principles of ergonomics and on appropriate guidelines
so that effective control can be established to humanise the environment and make
for the proper development of the area and the progress of society as a whole.

An application to build giving an outline of the proposed factory should be
made to the local planning authority. Permission to build should only be given
with the condition that a detailed plan be submitted within a stated period. The
local authority, through its appointed offices, should have the right of inspection
of the work to ensure that the building is constructed according to the approved
plan.

The factory inspectorate, like a "watchdog", should make good use of its loud
bark and its nose for trouble, but should reserve the use of its sharp teeth for
those rare occasions when they might be required to ensure the effective control of
properly designed factories suitable for the climate.
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RESIDUAL CARRY-OVER OF ACCLIMATIZATION OF
SUB-HIMALAYAN NATIVES DURING GRADED
WORK LOAD AT HIGH ALTITUDE

Rabindra Nath Sen and Pranab Kumar NAG!

Work Physiology & Ergonomics Laboratory, Department of Physiclogy,
Calcutta University, 92, Acharyya Prafulla Chandra Road,
Calcutta 700 009, India

During graded work load the nature of cardio-respiratory responses of
seven sub-Himalayan Sherpa subjects (exposed group, EG), at 3,660 m
altitude, were compared with those of a similar group of four subjects
(control group, CG) at 2,000 m. The average rates of work calculated
from the gross weight carried multiplied by the speed of walk ranged
from 3,320 to 8,440 kg-m/min. Differences noted in the physiological
responses between the exposed and control groups were due to hypoxia
and cold at high altitude. At 3,360 kg-m/min, transient rise of pulmo-
nary ventilation in EG over the values of CG was around 117 percent,
whereas at 8,440 kg-m/min, the rise was only 40 percent. This hyper-
ventilatory responses were always associated with the lowering of pulse
rate. In the present study, highest average work pulse rate record at
8,440 kg-m/min of the EG was only 137.6 beats and at 3,360 kg-m/min
the value was only 106 beats. The additional high energy demand for
work at high altitude might be partly due to cold and higher work of
breathing, and partly due to the difference in work load. The ventila-
tion equivalent (BTPS), 39.44 / (at 3,360 kg-m/min) gradually decreased
to 23.7217 at 8,440 kg-m/min in EG, and in case of CG these were
varied only between 26.28 to 20.30 /. The oxygen pulse was markedly
higher in EG, indicating a compensating mechanism for increased amount
of oxygen intake.

Regarding varieties of difficulties encountered in man at high altitude and the
possible adaptive mechanisms which help in the cardiovascular and respiratory
adjustment to cold and hypoxia, several studies have been reported (MITCHELL,
1970; PugH, 1965). The natives of high altitudes show blunted or decreased
ventilatory responses (BALKE, 1964; LAHIRI et al., 1972; SEVERINGHAUS et al., 1966)
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and increased energy expenditure (NISHITH et al., 1964; NAG et al., 1976) at rest
and during work, and in responses to voluntarily imposed hypoxic stimuli (CHioDpI,
1963). It has been assumed that decrcased ventilatory responses, which are
secondary to decrcased peripheral chemoreceptor sensitivity of the natives are
developed during the first few months of life after birth (LAHIRI ef al., 1976) and
by process of generations this hyposensitivity to hypoxia is being formed as a
genetic characteristics of the natives. As an extension, the present study was
carried out on eleven Sherpa subjects, born at 4,500 m and bred at moderate
altitude (2,000 to 2.500 m) in the sub-Himalayan region to investigate further the
nature of cardio-respiratory responses of Sherpas in graded work Joad during acute
exposure to high altitude and to clarify whether there was any residual carry-over
of acclimatization to the cardio-respiratory responses to those born at high alti-
tudes (Latiri and EpeLMAN, 1969; MitcHELL, 1970; SORENSEN and SEVERINGHAUS,
1968) even though they settled permanently and stayed a long period, more than 7
to 10 years, at lower altitudes.

METHODS

The study was conductied during the winter months of December and January.
The subjects selected for study were healthy, young male Sherpas. A thorough
enquiry was made to conflirm the origin and tribe of the subjects, since there were
admixtures of different tribes in the locality from where the subjects were selected.
The physical characteristics, e.g., age, body weight, body height. and a few skinfold
thicknesses for the prediction of lean body weight and body fat were measured.
It appeared that all were in good health and similar body status.

They were divided into two groups, consisting seven and four subjects. The
field study on seven subjects was conducted at Sandakpu area (Dist. Darjeeling,
India) at 3,660 m (barometric pressure: 480 mm Hg) altitude. The subjects from
Darjeeling town (barometric pressure: 590 mm Hg) ascended to that altitude and
were allowed to induce to that altitude for a complete week, since one week stay at
the altitude is required for preliminary acclimatization to hypoxia and cold
(Weg, 1966). After that the subjects carried graded loads (0, 25, 35, 45 and
55 kg) to a slight soft-snow covered fixed distance of | km on a mountain slope of
approximately 12 to 15 percent uniform elevation at 3,660 m altitude. The aver-
age rates of work of the seven subjects calculated from the gross weight (body
weight plus actual load carried in kg) multiplied by the speed of walk (m/min) at
particular sin angle of the mountain slope were 3,360, 5,670, 6,230, 7,440 and
8,440 kg-m/min.

The other group of four subjects, which can be treated as control, stayed at
Darjeeling town and carried different loads at 3,320, 5,470, 6,070, 7,140 and 8,330
kg-m/min on a treadmill at the horizontal level. Attention was given to impose
equal work loads for both the groups, but for practical difficulties, it was not ac-
curately possible.



ACCLIMATIZATION OF SUB-BIMALAYAN NATIVES 57

Both at Sandakpu and Darjeeling, the subjects carried loads on the back by
supporting the load by a circular strap around the forehead and by slightly in-
clining the body forward; and this is the usual mode of carrying loads at high
altitude in the sub-Himalayan region. The environmental conditions, such as
dry-bulb and wet-bulb temperature and air movement were recorded with the
help of sling psychrometer and kata thermometer respectively. Throughout the
experimental period the subjects wore woolen dresses and marching boots or
hunter boots for their protection against cold. It was not possible to measure
the insulative value of the clothings, but the average weight of the clothes were 2.5
to 3.0 kg only.

During 9 to 12 min of load carrying the average pulse rates of all subjects of
two groups were counted every minute. The pulmonary ventilation was recorded
with the help of KM-respirometer and the oxygen and carbon dioxide concentra-
tions of the expired air were estimated by Scholander’s method. The pulmonary
ventilation and oxygen consumption were expressed at BTPS and STPD respec-
tively: it is mentioned earlier that standard ambient pressure were 480 and 590 mm
Hg for the above-mentioned places. No attempt has been made to reduce the
gas volume to same standard sea level 760 mm Hg pressure. The ventilation
equivalent (/, BTPS), a measure of respiratory efficiency, was expressed as the ratio
between pulmonary ventilation (/, BTPS) and oxygen consumption (/, STPD);
while the oxygen pulse, which is considered as a measure of one’s oxygen trans-
porting capacity, was expressed as the oxygen consumption (cc) per heart beat per
kg body weight.

Some of these measurements were also undertaken at rest and during recovery
from work. VO, max were determined by treadmill exercise in lower altitude
subjects; while higher altitude group performed step-up test, as described in
ConsoLAzio ef al. (1963).

RESULTS

The physical characteristics of the two groups of subjects are given in Table 1.
It was observed that the two groups were belonging to same tribe and origin, and
similar age and health. The dry-bulb and wet-bulb temperatures were 8.33 and

Table 1. Physical characteristics of two groups of subjects.
. Control group a Exposed group
| Variables = (N=T)

Age (year) 31.341.4 26.14-0.9
Body height (cm) 161.9+4.4 159.1:41.2
Body weight (kg) 53.0+1.3 54.241.3
I..ean body weight (kg) 48.941.6 S1.141.1
Vo, max (//min/50 kg body weight) 4.1140.38 3.3340.12

Values are means+-standard errors.
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6.39° in the lower altitude, and 0.40 and 0.17° in the higher altitude respectively.
In the work place of lower and higher altitude, the air movement were 0.14 and
0.40 m per second respectively.

The rates of work of the Sandakpu (exposed group) and Darjeeling (control
group) subjects and their corresponding cardiorespiratory responses are given in
Table 2. The decrement of pulse rates and the increment of pulmonary ventila-
tion of the exposed group in respect to the control group are shown in Fig. 1, in
terms of the percentage decrement and increment. The rates of work of the two
groups ranged from 3,320 to 8,440 kg-m/min. It is mentioned earlier that it was
not possible to give exactly equal work loads for the two groups. The rates of
work were slightly less in the control group.

Table 2. Cardio-respiratory responses of the two groups of subjects.

Variables A Control group Exposed group
Rate of work: 3,320 3,360+ 24
(kg-m/min) Pulmonary ventilation 27.72 = 1.89 59.29 X 4.37

(//min/50 kg, BTPS)
Pulse rate increase over rest 35.6 - 8.6 33.6 + 4.1
(beats/min)
Oxygen consumption 1.08 4 0.11 1.55 4+ 0.17
(//min/50 kg, STPD)
Ventilation equivalent 26.28 4 3.28 39.44 L 4.51
(/, BTPS)
Oxygen pulse (cc/pulse/kg) 0.1894- 0.019 0.296<+ 0.032
Rate of work: 547318 5,675+37
(kg-m/min)
Pulmonary ventilation 44.71 + 4.17 60.21 4+ 2.18
(//min/50 kg, BTPS)
Pulse tate increase over rest 57.6 £ u.l d46.5 + 2.4
(beats/min)
Oxygen consumption 2.05 4 0.25 2.02 2 0.14
(//min/50 kg, STPD)
Ventilation equivalent 20.30 4 1.64 30.57 - 2.28
(/, BTPS)
Oxygen pulse (cc/pulse/kg) 0.286+ 0.025 0.3192 0.020
Rate of work: 6,068 +-67 6,231 165
(kg-m/min)
Pulmonary ventilation 45.06 -+ 2.80 61.74 - 5.24
(//min/50 kg, BTPS)
Pulse rate increase over rest 6t.7 * 3.6 50.5 + 2.7
(beats/min)
Oxygen consumption 2.17 + 0.15 2.25 L 0.15
(//min/50 kg, STPD)
Ventilation equivalent 21.11 L+ 2.4 28.23 + 3.16
(I, BTPS)

Oxygen pulse {cc/pulse/kg) 0.306+ 0.017 0.351+ 0.023
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Continued from Table 2.

Variables Control group Exposed group
Rate of work: 7,1424-67 7,445 4105
(kg-m/min)

Pulmonary ventilation 51.23 £ 4.20 57.31 + 2 83
(//min/50 kg, BTPS)

Pulse rate increase over rest 66.8 + 4.3 53.7 4+ 3.3
(beats/min)

Oxygen consumption 2.52 4 0.29 2.58 £ 0.13
(//min/50 kg, STPD)

Ventilation equivalent 20.30 + 1.75 22.70 4+ 1.52
(/, BTPS)

Oxygen pulse (cc/pulse/kg) 0.353+ 0.050 0.3904- 0.036

Rate of work: 8,3324.78 8,4404-150
(kg-m/min)

Pulmonary ventilation 52.68 + 5.19 73.05 &+ 5.1
(//min/50 kg, BTPS)

Pulse rate increase over rest 71.7 + 3.8 50.2 4 4.4
(beats/min)

Oxygen consumption 2.48 4 0.31 2.98 4 0.17

(//min/50 kg, STPD)

Ventilation equivalent 21.81 4 2.88 23.72 + 1.70
(/, BTPS)

Oxygen pulse (cc/pulse/kg) 0.324+ 0.039 0.4704 0.024

Values are means--standard errors.
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Fig. 1. The decrement of the pulse rates and the increment of the pulmonary ventilation of
the exposed group in respect to the control group.

The pulmonary ventilation was markedly higher in the exposed group as com-
pared with the controls. At the lowest rate of work (i.e., average of the two
groups was 3,340 kg-m/min), the transient rise of pulmonary ventilation of the
exposed group was around 117 percent, whereas at the highest work load (i.e.,
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average of the two groups was 8,385 kg-m/min), the rise was only 409, over
the values of the control group. The increase of work pulse rates over rest, as
shown in Table 2, were much less in the high altitude, i.e., about 10 to 20 beats/min.
It has also been depicted in Fig. 1 that the decrement of the pulse rates of the
exposed group, comparing controls, was only 6 percent at the lowest work load,
whereas at the highest work intensities these were as high as 30 percent.

The oxygen consumption values per min per 50 kg body weight was fairly
high in the exposed group. At 8,440 kg-m/min the oxygen consumption for the
exposed group was 2.98 //min/50 kg and the corresponding values for the control
groups was only 2.48 //min/50 kg at 8,330 kg-m/min, i.e.., 20°%, higher in the ex-
posed group. These respective valucs were 92 and 60 percent of their maximum
oxygen uptake. However, the oxygen consumption increased as linear functions
with the rates of work as independent variable, only with difference in slope of
the lines (¥=0.0004X--0.356, -10.630, for control group and Y=0.0003.\-
0.402, +0.408, for the exposed group). The corresponding simple correlation co-
efficients of the two lines were 0.7443 and 0.7545 (i.e., below 0.1 percent level of
significance).

There were wide difference in the ventilation equivalent with graded work in
the high altitude. The ventilation equivalent at BTPS, 39.44-L4.51 / (3,360 kg-
m/min) gradually decreased to 23.724-1.70/7 (8,440 kg-m/min) in the exposed
group. whereas in case of control group it varied only between 26.28--3.28 to
20.304-1.64 / for similar work loads. As it was expected, the ventilation equiva-
lent was negatively correlated with the rate of work (r=0.4135 and 0.5423 for
control and exposed group respectively). The oxygen pulse was markedly higher,
0.296 cc/pulse/kg (3,360 kg-m/min) to 0.470 cc/pulse/kg (8,440 kg-m/min), in the
exposed group than it was in the controls (0.189 cc/pulse/kg for 3,320 kg-m/min
and 0.324 cc/pulse/kg for 8,330 kg-m/min), indicating relatively more amount of
osygen extraction at higher work loads.

DISCUSSION

In order to see the nature of cardio-respiratory responses in graded physical
work and the residual carry-over of acclimatization of Sherpas, born at high alti-
tude but bred at lower altitude, the present study was undertaken. Two groups
of similar origin by birth and spent similar period of early life at high altitude were
selected in the study. Approximately at 12 to 15 years of age they came down to
the lower altitude and occasionally in once in two years they go up as high altitude
porters, along with different expedition teams.

The rates of work of two groups were almost same, as revealed in Table 2.
Differences in the physiological responses of the exposed group with the average
responses of the control group were possibly due to the effects of physical factors,
such as hypoxia and cold at high altitude. Since previous studies have been dealt
with either moderate work loads (LAHIRI et al., 1972) or graded work loads given
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only in the simulated altitude (SATO and SAKATE, 1974; STERNBERG ef al., 1966),
the higher work loads were given to the present subjects with an only purpose to
actualise usual stresses imposed on the mountain dwellers in their day-to-day life.

The pulimonary ventilations were higher in the exposed group, as mentioned
earlier; but it was interestingly noted that pattern of hyperresponses of the Sherpa
subjects were less pronounced with gradual increase of rate of work at high alti-
tude, than those of controls at lower altitude. But during prolonged exposure to
hypoxia, the increase of pulmonary ventilation was reported to be more pronounced
with the increase of rate of work among sedentary subjects (ASTRAND and RODHAL,
1970). The present findings of relatively lower ventilation were well corroborated
with SATO and SAKATE (1974); their graded work loads, however, were given in
simulated high altitude condition. It is true that the less prevalent effect of ex-
posed group at higher work loads of the present study does not indicate that
Sherpa subjects reached nearer to the maximum breathing capacity, since the
highest ventilation record was only 73.054-5.11 //min/50 kg body weight (BTPS).
The possible reason for higher ventilation at lower rate of work is not clear.
Does it necessarily mean that an optimal level of stimuli is required for the chemo-
receptors to get maximal response and further which there will be no marked
change? Though it was understood that the decreased peripheral chemoreceptors
sensitivity (LAHIRI et al., 1972; MILLEDGE and LAHIRI, 1967; SEVERINGHUS et al.,
1966) was definitely persistent with Sherpa subjects, which they possibly developed
during their first few months of life at high altitude (LAHIRI ef al., 1976; MITCHELL,
1970). However, it's quantitative measure is yet to be found out with special
reference to duration of stay after birth at high altitude. In contrary, recently
LAHIRI ef al. (1976) reported that the normal hypoxic drive, although it matures
only after birth in the high altitude, is thought to be substantially lost during
adult life.

Along with different possible causes, as explained above, the differences in
pulmonary responses of the present study may be partly due to the differences in
work loads of two groups (NAG, 1976; NAG et al., 1976). Notwithstanding. the
hyperventilatory responses were always associated with the lowering of pulse rates
(KELLOG, 1964) at high altitude. Hypoxia is attributed to the reflexes of the
carotid bodies. Since one of its changes is vasoconstriction, the arterial blood
pressure rises as a result of increased peripheral resistance and hence the reflexes
of the baroreceptors of the carotid sinus and aortic arch would respond as brad-
ycardia (BesT and TAYLOR, 1967). In the present study, the highest average
work pulse rate record was only 137.6 beats per minute and at the lowest work load
(3,360 kg-m/min) it was only 106 beats per minute. KEeLLOG (1964) and PuGH
(1964) reported that the reduction of maximum pulse rate after several months
stay at high altitude was as great as 40 to 50 beats per minute. The development
of lowered pulse rate might be possible only after long term acclimatization, or
possibly a genetic carry-over. While the sojourning lowlanders always show high
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pulse rates (ASTRAND and RopHaL, 1970). Thus, the present findings possibly
demonstrate an important observation regarding the beneficial efects of relatively
lower pulmonary ventilation and lowered pulse rate in better adaptability of
natives at high altitude, although they came down to lower altitude during their
early life.

1t is clearly stated that oxygen consumption was fairly high in the exposed
group. The additional high energy demand for work at high altitude might be
due to the eflect of cold (DB 0.389 and WB 0.167°) and also partly due to differ-
ences in work loads. The hypereactivity of the respiratory muscles required for
the lungs to hyperventilate (LUFT, 1964) might also partly responsible for high
energy demand at high altitude. As mentioned in Table 1, the maximum oxygen
uptake of the exposed group (3.33340.115 //min/50 kg body weight) at high alti-
tude was 19 percent lower than the control group (4.110-+0.380 //min/50 kg body
weight), observed at lower altitude. The reduction of ¥, max was reflected as
overexertion (BUSkIRK and TAYLOR, 1957) of the subjects on the graded work loads,
since each load demands higher percentage of VO, max, as compared with lower
altitude subjects. PuGH (1964) carefully remarked that the reduction of the V%
max has a definite relationship with the increase of altitude.

There was marked decrease of ventilation equivalent in case of the exposed
group and no such decrease was observed for control subjects. This fall of ventila-
tion equivalent indicates relatively lower ventilation rate at higher rates of work to
avoid further strain of the respiratory muscles; thereby it might cause higher
amount of oxygen extraction in exposed subjects. It was noted that the average
oxygen pulse (0.365 cc/pulse/kg) of the exposed group is higher than that of con-
trol group (0.292 cc/pulse/kg body weight). To consider the adaptive mechanism
which might operate at high altitude, the possibility is that the main limitations
(HurTADO, 1964) arise in the diffusing capacity for oxygen in the pulmonary system
and/or between muscle capillaries and tissues (WEST, 1962; WEST et al., 1962).
Increase of oxygen pulse can be stated as the rise of alveolar P,, due to hyper-
ventilation of the Sherpa subjects at high altitude. Since the atmospheric Py, is
lower at high altitude, the P, in capillaries, and arterial and venous blood is also
supposed to be lower. For Sherpas, having relatively lower pulmonary ventilation
and lower pulse rate, it might be a compensation for increased amount of oxygen
to enter from lung to blood.

The authors are grateful to Dr. C. S. Nair, Principal Scientific Officer, Physiology Research
Cell, Darjeeling, for his keen interest and providing facilities of work. Thanks are due to Mr.
U. S. Ray for his sincere technical assistance throughout the study. The study was partly sup-
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SOME ANTHROPOMETRIC STUDIES

ON INDIANS IN A TROPICAL CLIMATE

by

RaBinDRA Nira SN

Physiology Division, Central Labour Institute, Bombay (India)

It is true that every individual has a bodily configuration
as distinctive as his finger prints. It is, however, likely
that the various aspects of the uniqueness of the indivi-
dual can be overemphasized, thereby putting the inter-
individual similarities in the background. If we consider
the principles in support of the quantitative orderliness
of physical constitution as developed by Adolph (1949),
we cannot but appreciate nature’s attempt to link the
diversities.

It is stated (Scholander et al., 1958 ; Coon, 1954, 1955)
that there is a general tendency in animals to have
their body form in accordance with the environmental
condition in which they live. Wilber (1957) does not
believe that with the infiuence of climate the body
form of animals—including man—changes and he
supports the views of Mayr (1956), McDowell et al. (1953)
and Galineo (1955) in that readjustment of cellular
mechanisms and not alterations of body form is the
key factor in animal’s adaptation to heat. Garn (1958)
strongly criticized the views of Wilber (1957) and
supported the views of Roberts (1953) and Adams (1958)
in that the climatic rules (see Bergmann, 1847 ; Allen,
1887) do apply to man. An attempt was, therefore,
made to throw some light on this controversy with
reference to the Indians in a tropical climate.

A fairly comprehensive anthropometric measurement
of a small number of the sample subjects from the
eastern and western zone of India was taken in order
to find out if there is a difference between the body
measurements of people in the tropics and those of
Westerners in cold climates.

METHODS

Fifteen normal male (aged 18-44 years) and seven
female (aged 19-24 years) research and college adult stu-
dents and nine schoolchildren (four girls and five boys,

aged 3-10 years) who were naturally acclimatized in
Calcutta, were selected at random and 31 different
anthropometric measurements of theirbody as advocated
by Du Bois and Du Bois (1915) were taken. Another
sample of 40 adult male workers (aged 24-46 years)
naturally acclimatized to the climate of Bombay were
also selected at random. Fourty-one different anthropo-
metric measurements according to Du Bois and Du Bois
and 22 different other anthropometric measurements,
generally used for machine design, were taken. Measure-
ments were made on both the extremities and the mean
value was recorded for each location.

Steel measuring tapes, linen measuring tapes, an
anthropometer, a measuring board marked with horizon-
tal and vertical lines, a stool with loose wooden plates, a
calliper and a platform scale were used in the present
study and each item was used accordingly with all the
necessary precautions to obtain values which would be
comparable with those of Westerners. The linen tape was
manipulated in such a way as to avoid compression of
the underlying tissues. All the measuring articles were
calibrated against a standard metre scale. Linen measur-
ing tapes were replaced immediately when a slight ten-
dency of lengthening due to repeated use, was noted.

The detailed definitions of the different anthropo-

metric measurements taken, are shown in Table 1.

RESULTS

Due to the relative paucity of such anthtopometric
measurements on Indian subjects, all the anthropometric
data of 15 adult male students, 40 adult male workers,
7 adult female students and 9 children, are given
in Table 2 as the means with standard deviations and
ranges, for the purpose of comparison. The differences
in the measurements such as height, weight, etc., of
the groups due to age and sex could easily be noted.
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TaBLE 1A. Definitions of anthropometric measurements (according to Du Bois and Du Bois) used in the present investigation

Serial letter Ttem

or no,

Detailed definition

<CHnEOoYo ZErRu-Haomws
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VII
VIII
IX

X1
XII
XIII
X1V
XV
XVI
XVII

XVII
XIX

XXI
XXII

Vertex chin

Coronal

Arm length

Axilla arm

Forearm (maximum)
Forearm (minimum})
Hand length

Open band
Suprasternal pubis
Abdomen

Chest (mid-tidal)

Thigh length

Thigh circumference
Hip circumference
Patella length
Patclla circumference
Foot length

Foot circumference
Ankle circumference
Weight

Height

Suprasternal foot
Nipples-foot
Axilla-foot
Ensiform-foot
Trochanter-foot
Perincum-foot
Trunk circumference
Arm length
Finger-olecranon
Finger-metacarpo
Forearm length
Upper arm length

Upper arm circumference

Biceps circumference

Mid thigh circumference

Calf circumference (maximum)

Around heel

Around maxilla

Neck circumference
Shoulder circumference

Around vertex of head and point of chin.

Coronal circumference around occiput and forehead, just above eyebrows,
Tip of acromial process to lower border of radius measured with forearm extended.
Circumference at the level of upper border of axilla.

Largest circumference of forearm (just below elbow).

Smallest circumference of forearm (just above the head of ulna),
Lower posterior border of radius to the tip of second finger.
Circumference of open hand at the metacarpophalangeal joints.
Suprasternal notch to upper border of pubes.

Circumference of abdomen at the level of umbilicus.

Circumference of thorax at the level of nipples in the male and just above breasts
in the female,

Superior border of great trochanter to the lower border of patella.
Circumference of thigh just below the level of perinenm.
Circumference of hips and buttocks at the level of great trochanters.
From sole of foot to lower border of patella.

Circumference at the level of lower border of patella.

Length of foot including great toe.

Circumference of foot at the base of little toe,

Smallest circumference of ankle (just above malleoli).

Weight of the body without clothes.

Height to vertex.

Sole of foot to suprasternal notch.

Sole of foot to level of nipples.

Sole of foot to upper border of axilla.

Sole of foot to tip of ensiform process.

Sole of foot to superior border of great trochanter,

Sole of foot to perineum.

Circumference of body (trunk) at level of tip of ensiform process.
Tip of second finger to upper border of axilla,

Tip of second finger to tip of olecranon process.

Tip of second finger to metacarpophalangeal process.

Tip of olecranon to lower border of radius.

Tip of olecranon to acromial process.

Circumference of arm at the insertion of the deltoid.

Circumference of arm at belly of biceps.

Circumference of thigh half-way between anterior superior spine of the ilium and
the lower border of patella,

Largest circumference of calf,

Circumference of foot around heel.

From back of neck around superior maxilla just below ears and nose.
Around neck just below larynx,

Around shoulders at level of heads of humeri.

Tasre 1B. Measurements while sitting (Sacrum pressed on the board, elbow and knee at right angles, erect position)

Serial no. Measurement

Details

12

164

Buttock-knee

Seat length
Leg length

Elbow-seat

Right side, trunk erect, knees together and knee angle at right angles, thighs
horizontal, contact measurement, buttock to skin over patella (knee-cap).,

Knee at right angles, feet rested flat on floor. Buttock to back of the knee (posterior
aspect of leg).

Seated on the floor, sacrum against the board, legs fully extended, feet at right
angles to legs. Distance from feet to board.

Upper arm and forearm at right angles. Back against the hoard ; dmtance between
elbow and seat.
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TABLE 1B (continued)

Some anthropometric studies on Indians in tropical climate

Serial no.  Measurement Details

3 Patella height Leg at right angles to thigh, Measure from top of muscle mass near end of femur
to floor (beels).

6 Seat height Feet rested flat on floor; knee at right angles, Distance between floor and lower
surface of thigh behind the knee.

5 Shoulder-elbow Trunk erect, humerus vertical, forearm horizontal. Measure from top of acromion
process to bottom of elbow.

1 Sitting height Back against the board until back of knee touches the stool edge, legs dangling
freely. Trunk as erect as possible ; head in eye-ear horizontal, Measure from rear
between top of head and stool.

8 Trunk height Trunk same as in sitting height. Distance from stool to topmost margin of body
sternum palpated disregarding supra-sternal bones. Measured from front.

9 Back height Seat erect as in sitting height. Distance from stool to groove between first and
second vertebra, Measure from back. N

10 Abdominal depth Maximum horizontal contact dimension, wherever found.,
11 Chest depth Horizontal anteroposterior dimension at nipple level. Contact from spinal groove

to sternum,

TasLE 1C. Measurement while standing erect (from side)

Serial no.  Measuroment Details
13 Anterior arm reach Heels together; heels, buttock middle of back and occiput against the hoard.
Now both arms horizontal in maximum forward reach with contacts maintained,
14 Crotch height Vertical distance from crotch to floor.
15 Foot length Weight even on both feet. Left foot, maximum contact from heel to great toe (or
second toe if longer).
16 Foot breadth Position as 15 ; measure maximum breadth.

TapLE 1D, Measurements while standing erect (from front)

Serial no.  Measurement Details

21 Bi-trochanteric Knees together and at right angles, trunk erect. Maximum lateral diameter of
buttocks, light touch measurcments.

17 Height Heels together, feet at right angles, body erect ; distance from top of head to floor.

19 Span akimbo Arms flexed, held horizontally palms down, fingers straight and together, thumbhs
touching chest, wrists straight, fingers of each hand not meeting. Distance between
two elbow points,

18 Total span Arms stretched on sides distance between tips of middle fingers.

23 Bi-deltoid Arms at side, palms forward ; maximum contact dimension across deltoids.

22 Bi-illiac Heels together, a firm pressure dimension of maximum illiac brim (across hip
bones).

20 Forearm length Distance from elbow tip to the tip of middle finger when arm is flexed at elbow.

24 Hand length Distance from end of small wrist bone at base of thumb to tip of middle finger
where hand is stretched.

25 Chest circumference (rest) Horizontal circumference just above nipples. Tape not tightened but merely in
contact all round; chest neither collapsed nor expanded; taken during quiet
breathing.

26 Circumference of head Top maximum circumference.

27 Circumference of upper arm Maximum of biceps.

28 Circumference of forearm At half-way between elbow and wrist.

29 Circumference of thigh At half-way between crotch and knee (left leg).

30 Maximum distance around left

calf

Maximum distance around left calf.
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Table 3 shows the comparison of different other body
measurements of the 40 Indian workers with those of
the 499 Indian workers.! Since the 499 Indian workers
(aged 19-60 years, with mean 37.3 years) was not a
homogeneous group, the whole group was divided into
sub-groups of people from Maharashtra, Uttar Pradesh
and South India (rest). The different measurements for
the different groups are given in Table 4. The results
show negligible differences among the groups. The
values for the different anthropometric measurements
of the Indian subjects are compared with those of the
Westerners in Table 5. Where the original source did
not cite metric units, the values were multiplied by the
proper conversion factor. Where the same or approxi-
mately the same measurements were given for different
groups, they were all entered in the proper columns
for the purpose of comparison. The precise definition
of any particular measurement was carefully examined
and only comparable values were entered. It will be
observed from Table 5 that there are marked differences

in the different body measurements of Indians in a
tropical climate as compared to those of Westerners
in a cold climate. Not only the average weight, height
and other body measurements of the Indians are much
Iower than the values of Westerners, but the differences
for the different regions are also not proportionate. Jf
we compare the different linear measurements as
proportions of height as given in Table 6, we find thas
the trunk and sitting heights of the Indians are proport
tionately less than those of Westerners, wherea the-
lengths of the peripheral parts (upper and lower
extremities) are proportionately more, indicating relative
enlargement of the peripheral parts of the body of
Indian subjects. When circumferences and diameters
of different regions of the body are expressed as gramme
weight per centimetre height, it shows also the evidence
of the relative enlargement ‘of the peripheral parts in
the case of the Indians.

1. Unpublished work of the Physiology Division, Central Labour Institute,
ay.

TaBLE 2. Different anthropometric measurements taken (according to Du Bois and Du Bois) for Indian subjects!

East Indian West Indian East Indian Fast Indisn
(Bengal) (Bombay) (Bengal) (Bengal)
Serial adult males adult males adult females children
no. or Measurements (students) sworkers) (students) (students)
letter (N = 15) N = 40) (N=17) N=29;
4 girls, 5 boys)
Mean QUUSS Men JURED Mean JUEN Mean ot
A Vertex-chin circumference 66.15 3.03 64.19 2.45 63.71 2.89 57.38 1.40
(61.9-70.8)* (56.3-67.0) (60.8-66.7) (54.3-62.1)
B Coronal circumference 54.79 2.25 55.24 1.34 53.60  2.63 49.11 2.11
(52.6-58.1) {51.6-58.0) (51.0-56.9) (46.7-52.6)
F Arm length 56.33 3.43 57.95 3.78 50.24 2.17 34.42 3.94
(51.6-65.2) (52.9-71.1) . (48.2-51.1) (26.9-42.0)
G Axilla arm circumference 26.83  2.91 29.93  2.59 26.97 2.05 1694 1.72
(23.9-32.7) (23.2-38.5) (24.5-29.1) (14.9-20.0)
H Forearm circumference (largest) 23.23  L71 2461  1.09 2196 1.03 1596 1.13
(21.2-27.1) (22.2-27.0) (20.7-23.6) (14.0-18.4)
I Forearm circumference (smallest) 1451  1.09 15.56  0.80 1474 104 10.90 0.72
(13.0-16.8) (13.8-17.2) (13.5-15.8) (9.8-12.3)
J Hand length 17.34 1.09 19.11 1.13 16.67 0.63 11.86 1.07
(15.6-19.3) (16.5-23.7) (16.0-17.0) (10.1-14.1)
K Open hand circumference 1931 105 20.38  1.39 18.01 0.79 13.96  0.61
(18.1-21.1) (18.3-26.7) (17.2-18.4) (12.4-15.4)
L Suprasternal-pubis 51.39 2.84 53.62 3.18 50.07 2.79 36.39 3.36
: (46.4-57.0) (47.8-62.0) (46.0-53.5) (30.4-44.5)
M Abdomen circumference 65.65  2.73 7291 1.86 74.69 1.27 48.27 401
(59.4-81.9) (62.0-90.2) (73.4-87.0) (41.4-57.5)
N Chest (mid-tidal) 81.03 2.15 84.29 5.76 80.49 3.30 54.24 3.86
(71.1-96.8) (72.3-100.2) (71.1-84.0) (45.7-62.6)
0 Thigh length 42.49 2.31 42.96 3.56 41.86 2.03 27.34 3.80
(39.5-46.1) (36.2-53.3) (40.0-43.5) (21.3-35.7)
P Thigh circumference 48.48 4.96 49.15 311 54.77 5.80 31.51 3.66
(42.2-56.7) (42.8-58.0) (50.2-66.4) (25.7-40.1)
Q Hip circumference 83.98 5.31 85.94 5.32 88.81 6.30 52.41 5.60
(78.4-90.2) (71.3-98.3) (83.0-99.8) (42'.2-64.9)
R Patella length 45.81 3.15 46.29 3.02 42.56 3.12 29.62 3.82
(41.0-51.8) (40.2-56.5) (38.0-46.5) " (23.9-38.4)
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Some anthropometric studies on Indians in tropical climate

East Indian ‘West Indian East Indian East Indian
: Bengal (Bombmx) (Bengal) (Bengal)
Serial adult males adult males adult females children
no, or Measurements (etudents) (worken; (students) (students)
letter (N = 15) (N = 40 N=17 =9;
4 girls, 5 boys)
Mean GOSN Men GOSN Mean Gohten  Mem SO
S Patella circumference 31.17 217 80.78 1.73 31.97 2.24 21.99 2.08
(28.3-37.2) (27.8-36.2) (29.0-35.7) (19.0-26.8)
T Foot length 23.91 131 24.29 1.34 22,04 1.05 16.51 1.80
(21.7-25.9) (20.0-27.6) (20.6-23.0) (13.1-20.3)
U Foot circumference 22,49 109 23.04 198 21.16 0.90 16.46 1.26
(21.4-24.8) (20.0-32.0) (21.1-22.1) (14.6-19.7)
v Ankle circumference 20.11 1.36 19.72 1.40 19.87 1.34 14.29 1.03
(18.4-21.7) (17.2-22.8) (18.7-21.8) (12.4-16.7)
I Weight (kg.) 49.56 8.53 54.71 6.54 46.73 5.24 16.57 4.33
(36.5-66.8) (43.1-74.9) (40.4-55.1) (10.3-27.2)
11 Height 163.00 1.718 164.40 4.92 153.31 8.12 108.53 12.50
3 (151.9-176.1) (154.5-173.0) (142.0-160.1) (88.2-137.3)
III Suprasternal-foot 136.02  6.95 138.96  5.06 128.64 694 115.8 10.99
(123.7-149.3) (130.8-152.2) (119.0-134.0) (72.2-115.8)
v Nipples-foot 126.31 6.46 128,67 4.66 119.50 6.96 81.92 12.37
(116.1-138.0) (119.1-130.1) (110.0-125.0) (57.2-108.2)
v Axilla-foot 130.18 6.91 132.85 8.25 124.23 6.42 85.44 11.55
(119.8-141.6) (105.1-149.8) (115.0-130.0) (67.6-111.2)
VI Ensiform-foot 119.39 6.40 120.83 5.60 111.83 5.97 1117 9.54
(118.8-130.8) (107.3-134.6) (104.5-117.0) (62.4-100.6)
Vil Trochanter-foot 88.14 5.13 87.32 4.07 82.29 3.79 57.12 1.45
(80.7-97.9) (79.4-91.3) (78.0-86.0) (45.2-73.1)
VIII Perineum-foot 78.91 4,98 85.98 4.37 77.93 4.20 53.11 1.46
(70.9-86.9) (71.2-98.1) (72.0-83.5) (42.0-70.8)
IX Trunk circumference 76.61 6.19 80.88 4.65 72.03 5.44 54.80 2.96
(67.0-91.5) (70.2-96.2) (64.0-78.9) (48.2-61.4)
X Arm length 63.23 3.39 67.40 4,98 59.86 3.16 40.44 4717
(58.1-69.3) (61.6-83.0) (56.0-63.0) (32.1-48.8)
X1 Finger-olecranon 44.01  2.52 46.84 1.37 4047  2.05 28.76  3.23
(40.6-48.8) (43.5-50.8) (38.0-42.6) (22.6-34.9)
X1I Finger-metacarpo 9.99 0.46 10.36 0.59 9.31 0.66 6.77 0.56
(9.2-11.0) (9.2-12.2) (8.5-10.0) (5.9-8.0)
XIIX Forearm length 26.61 1.68 28.33 1.45 24.76 1.05 17.68 2.25
(24.8-30.2) (25.7-31.8) (23.7-25.9) (13.9-22.4)
X1V Upper arm length 30.11 2.57 35.08 1.87 27.90 1.84 19.31 2.39
(26.8-35.0) (28.0-38.1) (25.5-29.5) (15.5-24.8)
XV Upper arm circumference 25.58 2.99 27.08 2.38 24.90 1.52 15.99 1.50
(22.4-31.4) (23.5-32.8) (23.1-27.4) (14.0-18.4)
XVI Biceps circumference 23.39 2.717 25.07 1.60 23.96 2.65 15.60 1.22
(20.3-29.7) (21.6-29.9) (21.1-29.1) (13.6-11.5)
XVII Mid thigh circumference 43.95 3.81 45.55 2.90 48.84 4.88 29.76 3.13
(38.7-49.9) (41.2-52.5) (42.9-58.5) (25.4-35.9)
XVIII Calf circumference (largest) 31.63 2.80 30.47 2.29 32.03 2.31 21.76 3.33
(28.0-37.7) (22.4-36.2) (29.8-33.7) (18.1-24.2)
XIX Around heel 30.36 1.74 31.63 2.44 27.16 1.89 21.78 2.37
(28.6-33.6) (23.3-41.1) (24.0-29.0) (117.7-27.5)
XX Around maxilla 48.25 2.94 41.714 4.20 45.17 2.30 38.54 2.37
(44.4-54.6) (32.5-57.5) (41.5-46.9) (34.3-44.0)
XX1 Neck circumference 34.24 2.90 36.64 3.39 31.99 1.49 23.37 3.07
(30.1-40.6) (27.9-46.7) (30.2-33.2) (15.5-27.4)
XXII Shoulder circumference —_— 101.6 5.57 80.99 6.02 59.04 4.44
(92.5-130.0) (72.6-88.9) (49.5-68.3)
Age.(yrs.) 24.07 6.23 33.29 6.95 20.85 2.33 5.83 1.93
(18-44) (24-46) (19-24) (3-10)

1. Measurements are given in centimetres unless otherwise indicated.
2. Figures in parentheses indicate range.
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TaBLE 3. Different anthropometric measurements of Indian adult male workers in Bombay?

Adult male workers (N = 40) Adult male workers (N = 499)
Serial Anthropometric
Do Qicasurements Mean 3::?:;;3 Range Mean 3:,'-;’3;: Range
1 Buttock-knee 54.89 2,66 50.0- 59.8 §5.32 2.61 46.0- 62.3
2 Seat length 45.64 2.75 37.5- 51.0 46.62 2.41 36.3- 53.0
3 Patella height 51.33 2.41 47.2- §55.5 51.18 2.41 46.5- 57.8
4 Elbow-seat 22.98 2.10 18.0- 26.5 21.79 2.18 16.3- 28.3
5 Shoulder-elbow 36.13 2.14 25.5-.39.0 35.83 2,18 30.5- 41.5
6 Seat height 41.95 1.61 39.0- 45.0 40.30 1.50 34.0- 46.5
1 Sitting height 86.22 2.83 80.0- 91.0 85.10 3.04 15.0- 94.0
8 Trunk height 56.26 2.43 52.0- 61.0 54.46 2.65 47.0- 63.0
9 Back height 62.45 2.70 56.5- 68.5 60.18 2.714 52.5- 69.0
10 Abdominal depth 18.44 2.34 15.0- 27.0 19.42 2.11 15.4- 32.8
11 Chest depth 17.58 1.44 14.8- 22,5 18.25 1.69 14.4- 25.3
12 Leg length 104.30 6.02 94.0-116.0 102,98 4.80 86.0-116.0
13 Anterior arm reach 82.76 3.40 76.0- 90.0 83.48 3.79 71.8- 96.8
14 Crotch height 70.86 4.11 60.0- 78.0 15.78 4.19 60.0- 88.5
15 Foot length 24.29 1.34 20.0- 27.6 24,73 1.16 21.6- 29.7
16 Foot breadth 9.62 0.47 8.5- 10.5 10.24 0.43 8.7- 114
17 Height 164.40 4.92 154.5-173.0 163.00 6.10 142.0-182.8
18 Total span 169.80 8.12 157.0-187.8 169.45 1.25 148.4-193.6
19 Span akimbo 86.34 3.714 16.5- 93.5 86.50 3.68 75.8-100.0
20 Forearm length (includ-
ind hand) 46.84 1.37 43.5- 50.8 45.51 1.97 40.0- 51.5
21 Bitrochanteric 29.16 1.54 26.5- 32.8 28.99 1.61 24.9- 35.6
22 Bi-iliac 24.98 1.57 21.5- 28.5 24.63 1.53 19.0- 30.3
23 Bi-deltoid 39.88 2.16 38.0- 45.0 40.17 1.91 33.7- 44.9
24 Hand length 19.11 1.13 16.5- 23.7 18.67 0.88 15.4- 21.3
25 Chest  circumference |
(mid-tidal) 84.29 5.76 72.3-100.2 83.70 5.65 69.7-103.2
26 Head circumference §5.24 1.34 51.6- 58.0 53.96 . 1.87 49.7- §9.3
27 Upper arm circumference 27,08 2.38 23.5- 32.8 25.12 2.68 18.4- 33.4
28 Forearm circumference 24.61 1.09 22.2- 27.0 20.66 1.59 16.5- 25.4
29 Thigh circamference 45.55 2.90 41.2- 52.5 40.34 3.75 31.0- 5€.3
30 Calf circumference 30.47 2.29 22.4- 36.2 30.50 2.36 24.7- 40.2
31 Body weight (kg.) §4.71 6.54 43.1- 74.9 50.85 8.00 31.5- 86.5
32 ‘Wrist diameter 5.08 0.23 4.4- 54 — —_ _—
33 Knee diameter 9.03 1.52 8.3- 10.2 — - —_—
1. Measurements are given in centimetres unless otherwiso indicated.
TapLE 4. Different anthropometric measurements of workers in textile mills in Bombay?
Subjects
Serial Anthropometric Al Maharashtra Uttar Pradesh Rest
no. measuremenis (N = 499) (N = 370) (N == 90) (N = 39)
Mean = Slnerd | Mean  Jomierd  Men SRR Men  uELS
1 Buttock-knee 55.32 2.61 55.12 2.54 55.94 2.76 §5.52 2.30
2 Seat length 46.62 2.41 46.40 2.78 47.29 2.52 47.10 2.18
3 Patella height §1.18 2.41 51.08 2.26 51.08 2.06 51.66 1.84
4 Elbow-seat 21.79 2.18 21.81 2.18 21.97 2.10 21.27 2.41
5 Shoulder-elbow 35.83 2,18 . 35.59 1.62 35.76 1.92 36.01 141
6 Seat height 40.30 1.50 40.24 1.43 40.47 1.88 40.53 1.14
7 Sitting height 85.10 3.04 85.08 3.00 85.46 3.42 84.52 3.38
8 Trunk height 54.46 2.65 54.44 2.48 54.86 2.72 53.94 2.78
9 Back height 60.18 2.74 60.06 2,72 60.68 2.54 60.02 2.42
10 Abdominal depth 19.42 2.11 19.42 2.14 19.36 1.68 19.54 2,58
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TaBLE 4 (continued)

Some anthropometric studies on Indians in tropical climate

Subjects
Serial Anthropometric All Maharashtra Uttar Pradesh Rest
no, measurements (N == 499) (N = 370) (N = 90) (N == 39)
Mean Jmdord ! Mean  Jundst  Mean  GiRGER  Men ST
11 Chest depth 18.25 1.69 18.10 2.21 18.64 1.51 18.03 1.72
12 Leg length 102,98 4.80 102.78 4.74 103.32 5.08 104.12 4.50
13 Anterior arm reach 83.48 3.79 83.16 3.78 84.46 3.96 84.36 2.84
14 Crotch length 75.18 4.19 75.72 4.20 75.58 4.66 76.74 3.94
15 Foot length 24,73 1.16 24.65 1.14 25.06 1.24 24.81 0.85
16 Foot breadth 10.24 0.43 10.21 0.46 10.34 0.48 10.26 0.40
17 Height 163.00 6.10 163.00 6.00 163.10 6.70 163.75 5.70
18 Total span 169.45 1.25 170.00 6.40 171.30 8.05 168.55 8.25
19 Span akimbo 86.50 3.68 86.68 4.32 8754  4.06 87.54 3.28
20 Forearm length 45.51 1.97 45.35 193 45.78 1.93 47.04 1.81
21 Bi-trochanteric 28.99 1.61 28.87 1.65 29.50 1.50 28.91 1.72
22 Bi-iliac 24.63 1.53 24,58 1.47 24.82 1.71 24.35 1.72
23 Bi-deltoid 40.17 191 39.65 2.21 40.31 1.87 40.32 2.00
24 Hand length 18.67 0.88 18.56 0.87 18.89 0.93 18.65 0.83
25 Chest circumference (mid-tidal) 83.70 5.65 83.40 5.39 85.05 5.25 83.95 8.70
26 Circumference of head 53.96 1.57 53.88 1.51 54.24 1.62 54.29 1.81
27 Circumference of upper arm 25.12 2.68 25.08 1.51 25.06 2.48 24.74 2.44
28 Circumference of forearm 20.66 1.59 20.81 1.67 20.64 1.45 20.63 1.37
29 Circumference of thigh 40.34 3.72 40.60 3.714 39.46 3.46 39.62 3.46
30 Circumference of calf 30.50 2.36 30.68 2.42 29.96 2.10 30.44 2.40
31 Body weight (kg.) 50.85 8.00 50.60 8.15 51.60 8.85 50.60 8.15

1. Measurements are given in ceatimetres unless otherwise indicated.

TABLE 5. Comparison between different anthropometric measurements of Indian adult males in tropical cllmates and thoso

of Westerners in cold climates
Refi M 1 Source? No. and type of subjects (’Qg:‘) Mecan gmt?:ﬂ Range
L.31 Weight (kg.) o 15 Indian students 18-44 49.56 8.53  36.5-66.8
& 40 Indian workers 24-46 54.71 6.54  43.1- 14.9
1 499 Indian workers 19-60 50.85 8.00 31.5- 86.5
2 584 American gunners 66.72 717  49.0- 92.1
3 103 American drivers 34.1 75.80  12.27 —
4 31 American naval personnel 20-40 78.30 — —_
5 63 British naval personnel 18.29 66.34 6.41 —
6 529 British pilots and gunners 23.2 65.73 7.21 —
1117 Height 9 15 Indian students 18-44  163.00 7.78 151.9-176.1
W 40 Indian workers 24-46  164.40 492 154.5-173.0
1 499 Indian workers 19-60  163.00 6.10 142.0-182.8
2 584 American gununers 172.41 4.21 150.9-188.7
3 103 American drivers 34.1 175.20 5.79 —
4 31 American naval personnel 20-40 178.30 - —
5 63 British naval personnel 18-29  173.20 6.47 —
6 529 British pilots and gunners 23,2 172.70 6.02 -
7 Sitting height * 40 Indian workers 24-46 86.22 2.83  80,0- 91.0
1 499 Indian workers 19-60 85.10 3.04  75.0- 94.0
2 584 American gunners — 91.18 2.01  82.0-100.1
3 103 American drivers 34.1 93.00 2.69 _—
S 63 British naval personnel 18-29 89.80 3.37 —
i 6 529 British pilots and gunners 23.2. 91.9 3.15 —
13 Anterior arm reach - 40 Indian workers 24-48 82.76 3.40 76.0- 90.0
1 499 Indian workers 19-60 83.48 3.78  71.8- 96.8
2 — 88.34 215  74.9- 99.1

580 American gunners
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TABLE 5 (continued)

Age

Standard

Reference Measurements! Source? No. and type of subjects (years) M devintion Range
18 Total span 2 40 Indian workers 24-46  169.80 8,12 157.0-187.8
1 499 Indian workers 1960  169.45 7.25 148.0-193.6
2 584 American gunners — 179.04 5.03 153.9-201.9
S 63 British naval personnel 18-29  181.00 6.85 -
8 Trunk height < 40 Indian workers 24-46 56.26 243  52.0- 61,0
1 499 Indian workers 19-60 24.46 2.65 47.-0 63.0
2 583 American gunners —_— 59.14 1.63 51.1- 66.0
1 Suprasternal height = 15 Indian students 18-44  136.02 6.95 123.7-149.3
* 40 Indian workers 24-46 ~ 138.96 5,06 130.8-152.2
5 60 British naval personnel 18-29 140,70 5.71 —
VI Ensiform height ¥ 15 Indian students 18-44 119.39 6.40 118.8-130.8
d 40 Indian workers 22-46  120.83 5.60 107.3-134.6
5 59 British naval personnel 1829  122.20 5.06 —
J -+ X1 Upper extremity 4 15 Indian students 18-44 74.06 1.78  67.2- 84.5
+ XIV
* 40 Indian workers 24-46 82.52 148  70.2- 93.6
5 60 British naval personnel 18-29 78.20 1.32 —_
J.24 Hand length ¥ 15 Indian students 18-44 17.34 1.09  15.6- 19.3
* 40 Indian workers 24-46 19.11 113  16.5- 23.7
1 499 Indian workers 19-60 18.67 0.88  15.4- 213
S 59 British naval personnel 18-29 19.60 0.83 —_
v Trochanteric height " 15 Indian students 18-44 88.14 5.13  80.7- 91.9
g 40 Indian workers 24-46 87.32 4.07  79.4- 97.3
5 59 British naval personnel 18-29 87.20 4.51 —
14 Crotch height 1 40 Indian workers 24-46 70.86 4.11  60.0- 78.5
1 499 Indian workers 19-60 75.78 4.19  60.0- 88,5
7 2691 American cadets — 82.20 — -—
12 Leg length L 40 Indian workers 24-46  104.30 6.02  94.0-116.0
1 499 Indian workers 19-60 102.98 4.80 86.0-116.0
8 163 American students — 104.39 4.57 —
15.,T Foot length & 15 Indian students 18-44 23.91 1.31  21.7 -25.9
> 40 Indian students 24-46 24.29 1.34  20.0 -27.6
1 499 Indian workes 19-60 24.73 116  21.6- 29.7
2 583 American gunners — 26.33 0.80  22.9- 30.0
11 Chest depth f 40 Indian workers 24-46 17.58 1.44  14.8- 22,5
1 499 Indian workers 19-60 18.25 1.69  14.4- 25.3
2 583 American gunners — 20.69 1.06  15.0- 26.9
5 63 British naval personnel 18-29 20.40 1.61 —
10 Abdominal depth ) 40 Indian workers 24-46 18.44 2.34  15.0- 27,0
1 499 Indian workers 19-60 19.42 2.11 15.4- 32.8
2 584 American gunners — 20.71 1.07  16.0- 36.1
32 Wrist diameter - 40 Indian workers 24-46 5.08 0.23 4.4- 54
4 31 American naval personnel 20-40 5.55 — -
22 Bi-iliac v 40 Indian workers 24-46 24.98 1.57 21.5- 285
1 499 Indian workers 19-60 24.63 1.3  19.0- 30.3
2 584 American gunners — 28.60 1.09  23.9- 34.0
4 31 American naval personnel 20-40 28.60 — C—
5 63 British naval personnel 18-29 28.60 1.91 —
21 Bi-trochanteric * 40 Indian workers 24-46 29.16 1.54  26.5- 32.8
1 499 Indian workers 19-60 28.99 1.61  24.9- 35.6
2 583 American gunners — 35.09 1.34 31.0- 419
4 31 American naval personnel 20-40 32.80 —_ =
33 Knee diameter * 40 Indian workers 24-46 9.03 1.52 8.3- 10.2
4 31 American naval personnel 20-40 9.25 — —
16 Foot breadth ¢ 40 Indian workers 24-46 9.62 0.47 8.5- 10.5
1 499 Indian workers 19-60 10.24 043 ° 8.7- 114
5 59 British naval personnel 18-29 9.60 0.44 —
26 Head circumference - 40 Indian workers 24-46 55.24 1.34 51.6- 58.0
1 499 Indian workers 19-60 53.96 157  49.7- 59.3
2 584 American gunners — 56.37 2.22  51.0- 60.0
9 196 American pilots — 57.47 2.63  54.0- 61.2
25.N Chest circumference = 15 Indian students 18-44 81.03 215 71.1- 96.8

(mid-tidal)
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Some anthropometric studies on Indians in tropical climate

TABLE 5 (continued)

Reference Measurementst Source? No. and type of subjects (;:ﬁ:-) Mean g::li:ltli‘;g Range
bg 40 Indian workers 24-46 84.29 5.76  72.3-100.2
1 499 Indian workers 19-60 83.70 §.65  69.7-103.2
2 584 American gunners o 90.05 3.26  78.0-103.9
9 184 American pilots —_ 91.95 —_ —_
S 61 British naval personnel 18-29 87.20 5.05 —_
27.XVI Upper arm circumference  * 15 Indian students 18-44 23.39 217  20.3- 29.7
L 40 Indian workers 24-46 25.07 2.38  23.5- 32.8
1 499 Indian workers 19-60 25.12 2.68 18.4- 334
5 62 British naval personnel 18-29 27.80 2.04 —
28.H Forearm circumference 2 15 Indian students 18-44 23.23 1.77 21.2- 21.1
(maximum)
- 40 Indian workers 24-46 24.61 1.09  22.2. 27.0
1 499 Indian workers 19-60 20.66 159 16.5- 25.4
5 62 British naval personnel 18-29 26.70 1.30 —
1 Forearm circumference 0 15 Indian students 18-44 14.51 1.09  13.0- 16.8
(minimum)
P 40 Indian workers 24-46 15.56 0.80 13.8- 17.2
5 63 British naval personnel 18-29 17.60 1.66 —
P Thigh circumference 1 15 Indian students 18-44 48.48 4.96 - 42.2- 56.7
(maximum)
L 40 Indian workers 24-46 49.15 3.11  42.8. 58.0
5 63 British naval personnel 18-29 53.00 3.24 —
30.XVIII Calf circumference b 15 Indian students 18-44 31.63 2.80  28.0- 37.7
(maximum)
b 40 Indian workers 24-46 30.47 2.29 22.4- 36.2
1 499 Indian workers 19-60 30.50 2.36  24.7- 40.2
5 63 British naval personnel 18-29 35.60 2.09 —

. Measurements are given in oenUmmen unlm otherwue mdn:ated
2 Sources : * This nmcle 1. Central Labour alY Randall et al. (1946); 3, McFarland et al. (1953); 4. Taylor and Behnke (1961);
5. Roberts (1957); 6 . Morant and Gilson (1945) Rand (194 ., Elbel (1945); 9. Benton (1943).

TaBLE 6. Comparison between different linear measurements as proportionate of height of Indians and Westerners*

Indian Indian Indian American American British British
No. Measurements students workers workers gunners drivers naval pilots and

rsonnel gunners
(N = 15) (N = 40) (N == 499) \(N =584) (N = 103) flsi = 63) (N = 529)

Lengths
7  Sitting height — 0.525 0.522 0.529 0.531 — 0.532
8  Trunk height — 0.318 0.334 0.343 — — =
J -+ XIII +
XIV  Upper extremity 0.455 0.502 -_ —_— -_— 0.451 -
24  Handlength — 0.116 0.115 — — 0.113 —
VII = Trochanteric height 0.541 0.531 — —_ — 0.503 —
12 Leglength — 0.634 0.632 — 0.5888 — —
Comparison of different diameters and circumferences as per gm. body weight per em. height
Diameters
11  Chest depth — 0.053 0.059 0.054 — 0.054 —
32 Wrist — 0.015 — — — 0.012 —
33 Knee —_ 0.027 — — 0.021° — —
Circumferences
N Chest 0.267 0.253 0.268 0.232 —_ 0.228 —
XVI  Upper arm 0.077 0.075 0.081 — - 0073 ° —
H- Forearm (maximum) 0.076 0.074 0.066 — s 0.069 —
P Thigh 0.159 0.157 — — —_— — 0.138

1. Sources were : 15 Indian students (this article) ; 40 Indian workers (this article) ; 499 Indian workers (Gentral Labour Inst., Bombay); 584 American
gunners (Rnndall et al., 1946); 103 Amencan drivers (McFarland et al., 19535 63 British naval personnel (Roberts, 1951), $29 British pilots
and gunners (Morant and Gllson. .

2. Figure for 163 Amenean students (Elbel. 1945).

3. Figure for 31 A naval p ] (Taylor and Bebnke, 1961).

171




Environmental physiology and psychology in arid conditions | Physiologie et psychologie en milieu aride

DISCUSSION

It is rather surprising that anthropometric data for
comparative purposes are difficult to obtain. Many of
the figures for the purpose of comparison have to be
taken from literature where the values were obtained
from measurements based upon a somewhat selected
population, e.g., various service groups. Since these
groups are to be within certain defined maxima and
minima, the tails of the “normal curve” for an unselected
population are certainly cut off. This was always kept
in mind while comparing the data. Although there will
be some error in the values of the standard deviation
and the range, the error in the value of the mean is
probably not large.

From Table 5, it will be observed that there are
marked differences in the body form of Indians in the
tropics as compared to that of the Westerners in cold
climates. There is a tendency for the people in- the
tropics to have a body form of the “ectomorphic” type,
being more skinny and of less body weight. In a hot,
humid, trepical climate the human body must be able
to maintain its temperature. Therefore, either it must
have a lesser amount of energy-producing organ and
hence less weight of visceral organ or it must have a
more radiating or evaporative surface to increase heat
dissipation. When the average body weight of a person
living in the tropics is reduced, due to the evolutionary
effect of the climate, the supporting structures, such
as the legs, etc., need not remain large in girth but could
become slender in order to have a more effective evapo-
rative surface per unit weight of the body or the length
or breadth of the peripheral parts may be relatively
larger to increase the effective surface area of the body.

The surface area of the Indian adult male and female
students of the present study was actually measured
(Banerjee and Sen, 1955, 1957 ; Banerjee et al., 1958)
and it was found that the total surface area of the body
of each subject was more than that calculated by the
weight-height formula of Du Bois and Du Bois (1916).
The present author actually measured the surface area
of nine Indian children for the present study, and
observed the surface area of the body in each case
to be greater than that calculated with the weight-
height formula. It is to be noted that the corrected
constant in the weight-height formula was more in
Indian adult females (78.28) than in the males (74.66).
It may be due to the lower average height in proportion
to weight of the body in the former and also due to
the adaptation of the body of the females in the tropics
to provide more surface for evaporation needed to help
heat - dissipation ' which is hindered by the greater
proportion of fat in the body of adult females than that
in adult males as was found by the present author (Sen
and Banerjee, 1958). When the percentage ratio of the
measured surface area of each component region of
the body was compared to the surface area of the whole
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body, it was found that the percentage was greater
for the extremities and smaller for the trunk in the
case of Indians, when compared with the subjects of
Du Bois and Du Bois (1915).

There is a good agreement that the basal heat pro-
duction in Indians in a tropical climate is lower than
that in Westerners in cold climates. The present author
(Sen and Banerjee, 1958) observed that basic metabolic
rate of Indians is on the average from 12 to 17 per cent
lower than the universally accepted Mayo Foundation
Standards for the Westerners. It was also observed by
the author (Banerjee and Sen, 1958) that a large part
of the difference of the basal oxygen consumption
between Indians and Westerners could be accounted
for when the values are expressed per kg. of cell solids
or cell mass or lean body mass.

From these observations, it may be concluded that
both the body form and readjustments of cellular
mechanisms are equally important adaptation processes
of the body to maintain its temperature in tropical
climates. The reduction in heat production constitutes
an important economy of energy expenditure and is
of great significance in the continued existence of the
organism in a tropical environment. Similarly the
change in the body form to provide a larger surface
for evaporation is an important step towards the process
of heat dissipation in a tropical climate.

SUMMARY
v

Forty-one different anthropometric measurements as
suggested by Du Bois and Du Bois were taken on
31 normal naturally acclimatized subjects consisting
of 15 adult male and seven adult female students and
nine children of the eastern zone.of India. In addition
to these measurements 22 different other anthropometric
measurements were also taken on 40 naturally acclima-
tized Indian workers of the western zone.

The values were compared with those of Westerners.
Significant difference between the body form of the
people in tropical country and that of the people in
cold climates was observed.

This was presumed to be the effect of tropical climate
in providing for greater evaporative or radiating surface
and lesser heat producing cell mass.
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Some anthropometric studies on Indians in tropical climate

RESUME

Quelques é&tudes anthropométriques faites sur des sujets
indiens en climat tropical (R. N. Sen)

On a procédé, suivant la suggestion de Du Bois et Du
Bois, & 41 mensurations anthropométriques distinctes
sur 31 sujets normaux : 15 hommes, 7 femmes et
9 enfants, tous originaires de la partie orientale (Bengale)
de I'inde, pour déterminer les effets anatomiques du
« stress » thermique auquel le climat local soumet
constamment Porganisme.

I1 ressort de ces observations qu’il existe des diffé-
rences anatomiques importantes entre les habitants de
pays tropicaux comme I’Inde et ceux de pays froids,
En Inde, les éléments périphériques du corps sont
relativement plus développés, les extrémités plus
longues, le tronc plus court et plus étroit, ce qui réduit
le poids du corps (notamment celui du foie).

Ces différences tendent vraisemblablement a accroitre
la surface d’évaporation ou de rayonnement et a réduire
la production de chaleur métabolique par une diminution
relative de la masse cellulaire active, ce qui contribue
a régulariser la température du corps malgré la chaleur
et 'humidité du milieu tropical. Cette étude confirme
que les «régles climatiques » définies par Bergmann
et Allen sont applicables aux populations humaines de
pays tropicaux comme PInde. Les observations de
I'auteur, sont d’ailleurs corroborées par une étude
anthropométrique faite récemment par la Division de
physiologie du Central Labour Institute, & Bombay,
et comprenant 31 mensurations anthropométriques
opérées sur 500 sujets de sexe masculin habitant la
région occidentale (Bombay) de I'Inde.

DISCUSSION

G. LAMBERT, Ne pensez-vous pas qu'il soit difficile de comparer,
du point de vue anthropologie, des groupes de populations
vivant dans des conditions écologiques aussi différentes que
celles des Indiens et des Américains?

R. N. SeN. The limitation of such a comparison was kept in
mind. In view of the extreme paucity of data, this preliminary
attempt was made and the available data were compared with
those of Westerncrs to show the difference. Considering the
differences in the habits among these groups of Indian subjects
and the similarity of their anthropometric measurements, the
effects of the climate cannot be ruled out. Or course, the
effects of other factors should also be studied.

C. H. WynpuaMm. I do not feel that Dr. Sen can make any
comparison in this way. He has isolated climate as the main

determinant in the anthropometrical differences but there are
many others, such as diet, exercise, etc., which might be much
more important, How does he explain this?

R. N. Sen. It is likely that factors such as diet, exercise, etc.,
might have their effect, but it is interesting to note that though
the climatic conditions of the two zones of India and the mean
linear anthropometric measurements of the subjects are quite
similar there are marked interindividual differences in the
quality and quantity of the diet consumed and also in their
occupations as students and workers. It would be interesting
to see if factors such as diet and exercise would grossly
influence the linear measurements. The difficulty of getting
a long-term control over diet and working conditions to obtain
their isolated genetic effect on the anthropometric measure-
ments is obvious.
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CIRCADIAN RHYTHMS IN SOME GROUPS OF
INDIANS WORKING IN SHIFTS

Rabindra Nath Sen and Manas Ranjan KAR

Work Physiology and Ergonomics Laboratory, Department of Physiology,
Calcutta University, 92, Acharya Prafulla Chandra Road,
Calcutta-700 009, India

The present study was undertaken in order to find out the effect of
changes of shifts on different physiological responses in Indian industrial
workers. Two groups, one of 8 workers from industries and another of 6
sedentary subjects used as control, acted as volunteers in this study. The
first group worked in three different shift rotations: morning, afternoon
and night. The second group worked in two shifts: day and night only.
Different physiological responses, specially the pulse rate and oral tem-
perature, were recorded hourly. The other physiological responses,
such as frequency of micturition, gastro-intestinal disturbances, hours
of sleep were also noted. Several days of consecutive work and recrea-
tional activities were considered in each subject. In the control group,
the oral temperature thythm did not change significantly with the change
of shifts; so did the pulse rate rhythm. But this group had less sleep and
higher frequency of micturition in the night shift routine than those during
day shift. The typical industrial workers’ oral temperature rhythm also
did not change significantly with the shift changes, but their pulse rate
rhythm changed slightly with shift change, possibly in an attempt to
adapt. They generally slept well in all 3 shifts and had micturition
equally frequent. However, there were individual variations with some
peculiarities in both the groups.

The external and internal environments of the living organisms oscillate in
different rhythms. The capacity of the living organisms to follow the external
environmental rhythms and to oscillate in harmony with them enhances the survival
potency of a species. Of so many types of rhythms, human beings are very much
concerned with the circadian ones as these immensely influence and guide them
(AsCHOFF et al., 1967, 1974; CoLIN et al., 1968; FRAZIER et al., 1968; HALBERG
et al., 1966; KLEIN et al., 1970; OGATA et al., 1962; OSTBERG et al., 1973; SAsaKI,
1964).

The relationship between internal 24-hour rhythms and external work sched-

Received for publication September 4, 1977.

65



MeAS estrA AL

66 R. N. SEN and M. R. KAR

ules is important because performance and its allied matters are influenced when

the internal rhythms, normally synchronised to the rhythms of society, experience

a change of the external working condition. Such a change is imposed on persons

who work in rotating shifts. These changing work schedules and their effects on
body and mental functions need detailed investigation. -

The present preliminary study was undertaken to see the eflects of shift
changes in industries on the different physiological and pshychophysiological re-
sponses of the Indian industrial workers with an aim to (1) find out the adaptability
of each worker with respect to each of the physiological responses to different shift
schedules, and (2) to find out the association, connection and relation among the
different responses in the constantly rotating routines.

MATERIALS AND METHODS

The workers and the schedules of their work. In the present investigation,
one group consisting of 8 healthy workers (age-group 22-30 years), with about

4 ~ . -
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the whole 24-hour data of that particular subject was rejected. Additional moane-
tary and sociopsychological incentives were given to the subjects for proper re-
cording of the data, which were examined and verified from time to time by sur-
prise on-the-spot visits.

Variations of oral temperature and pulse rate during 24 hours were plotted for

each individual subject as well as for the whole group. Mean difference between
the maximum and minimum values of each response represents the amplitude of
the parameter. The mean for each individual subject given in the tables were
obtained during each particular shift from all the hourly values for all the days.

Using the least square approximation, best fitting lines were drawn on each

of the 24-hour period for each subject in order to detect the trend of the rhythm.
The students’ t-test was performed on the mean value of each parameter to see if
there was any significant difference between different shifts.

RESULTS AND DISCUSSION

Individualities of control subjects (without any change of shifts)

When the circadian graphs of individual subjects were plotted for consecutive

days with the values of subjects living with normal or standard routine (i.e., outdoor
activities during office-hours at midday, and rest at night), as well as from subjects
working in rotating shifts, it was observed that each individual exhibited some
specific type of rhythm with some peculiarities so typical for that individual. The
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ules is impoctant because performance and its allied matters are influenced when
the internal rhythms, normally synchronised to the rhythms of society, experience
a change of the external working condition. Such a change is imposed on persons
who work in rotating shifts. These changing work schedules and their effects on
body and mental functions need detailed investigation. -

The present preliminary study was undertaken to see the effects of shift
changes in industries on the different physiological and pshychophysiological re-
sponses of the Indian industrial workers with an aim to (1) find out the adaptability
of each worker with respect to each of the physiological responses to different shift
schedules, and (2) to find out the association, connection and relation among the
different responses in the constantly rotating routines.

MATERIALS AND METHODS

The workers and the schedules of their work. In the present investigation,
one group consisting of 8 healthy workers (age-group 22-30 years), with about
4 years of experience in the shift work, were taken from different factories with the
same rotation of shifts from morning (A) to afternoon (B) to evening (C) for $
hours a day, 6 days a week and one week for a shift. Shift “A™, i.e., the morning
shift was from 0 hour to 14 hour, shift “B™, i.e., afternoon shift was from 14 hour
to 22 hour, and shift “C", i.e., night shift was from 22 hour to 06 hour. Another
non-industrial group of 6 volunteers of similar age-group was also taken as control
subjects who followed the routine of 2 shifts: day and night. They were engaged
in sedentary work (reading, writing, sorting cards, household work, efc.) for
8 hours a day, 6 days a week and one week for each shift. They did not work in
this change of two shifts earlier. This group of control subjects, non-habituated
to shift changes, was taken to find out the differences of quality and amplitude of
the impact of the change of living routine as compared to these of the persons
havituated in shift work.

Physiological responses during shift work. The volunteers, both industrial
and non-industrial sedentary (i.e., control) were subjected to hourly measurement
of oral temperature (with properly calibrated clinical mercury thermometers) and
of pulse rates. The subjects did not take any hot or cold drinks or did not talk,
and kept their mouth shut at least 15 minutes before the measurement of oral
temperature. The thermometer was kept under the tongue at least for 5 minutes.
The pulse rate was recorded hourly, after at least 5 minutes’ rest during the off-
hours and during work on the shop floor without interruption of activity. To avoid
disturbance in the natural sleep, the oral temperature and pulse rate were not
recorded during the periods of sleep unless the subject woke up spontaneously
for some reason. The subjects took the measurements themselves after a thor-
ough training in the technique. Some of the sample data were checked for a few
days during the trial period as well as during the actual experimental periods to
see if the data were being collected properly or not. In case of any discrepancy,
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Fig. 2. Oral temperature rhythm of a subject (PP) in both normal and altered routinss.
Shaded areas indicate work periods and blank ones sleep periods.

sustenance and recurrence of a particular type of circadian rhythm was evident in
case of a few individuals as can be seen in Fig. | which shows the hourly oral
temperature values of one of the control subjects (GGR) for 5 consecutive
24-hour days with normal and standard routine (academic persuits in an institute
during office-hours followed by sedentary recreational activities in the evening and
sleep at night). This subject tended to repeat his circadian oral temperature pat-
tern every alternate day, whereas in Fig. 2, the values of the hourly oral tempera-
ture of another control subject (PP) did not alter his previous basic circadian
rhythm during normal routine even after 3 days of night work. Work of Meppis
(1968) also revealed similar nature of fixity of the oral temperature rhythm in a
control subject who followed a 48-hour routine (instead of 24-hour i.e., circadian)
and slept alternate nights and still maintained the circadian rhythm of body tem-
perature. It has been reported that there was little or no physiological or psy-
chological adaptation to the 48-hour routine, although it was harmless to follow
the routine for I-2 months. In another experiment COLQUHOUN et al. (1968)
noted only a partiat adaptation of the temperature rhythm to the night shift sched-




T T~ 2 T TR T

STAY ereenimeaton

shin pevr

e fin 07

e (b e e

Ty

TNV AT

SULONN

A st TR

CIRCADIAN RHYTHMS OF INDIAN WORKERS 69

ule even when the control subjects were tested for a period of as long as 12 con-
secutive days on each shift. MivAzAxI et al. (1970) reported their experiment of
daily shifting of living routine of control subjects with a progressive advance (up
to a very limited extent of time only, of course) in the rising hour in the morning
caused the morning rise of body temperature to commence earlier and but when
the hour of rising was too early, it failed to bring any change then. KLEITMAN and
Jackson (1950) found that the less the deviation from the usual routine, the better
was the adjustment of the body temperature curves to the new cycle.
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Fig. 3. Individual oral temperature rhythm in 4 subjects (PP, AM, RM, AD): Best fitting

lines of each 24-hour-day curve.

Figures within circles represent the serial number of

consecutive days of experiment (subject PP observed night shift routine in addition to

his fixed day shift routine).
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Variation of oral temperature in the control group of subjects (simulation of shift
work)

Figure 3 is the comparalive presentation of the best fitting lines obtained by
the least square method of the day-to-day oral temperature curves obtained from
four subjects of the control group (PP, AM, RM, AD); Fig. 4 on the other hand
is a cumulative graph and shows the hourly mean values of all the 6 control
subjects for all the 6 consecutive days during the day shift routine as well as during
the night shift routine. It is evident that when the control group of subjects (who
are non-industrial and sedentary) went to the night shift from the day shift, the
pattern of the rhythm of oral temperature did not change with the change of shift,
although there was a change in the mean oral temperature (mean of 24 hours), as
well as in the amplitude of oral temperature for each of the 6 subjects as given in
Table 1. In the night shift the amplitude was little lower than those observed in
the day shift similar to those observed by KAMIMURA et al. (1970). One of the
reasons may be due to the inclusion of less number of readings available during
the day time when the subjects were sleeping. However, this lowering of tem-

perature may also be due to the lower metabolic rate during the night similar to
the observation of Lexuan (1972).

Variation of oral temperature in the group of industrial workers (1 ypical shift work)
The hourly average values of oral temperature and pulse rate (with S.D.) of

all the industrial workers for all the days in each of the three shifts are presented
in Fig. 5.
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Fig. 4. Cumulative graph for oral temperature and pulse rate rhythm of control group of
subjects (N=6) with common routines of shifts. Shaded portions indicate periods of
work/activities in respective shift routine.
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Fig. 5. Cumulative graph for oral temperature and pulse rate rhythms of a group of indus-

trial workers (N =8) with common routines of shifts. Shaded portions indicate periods
of work on the shop-floor.

A similar change as seen in the control group described above, occurred in
the regular shift workers. Their circadian rhythm of oral temperature in the
morning shift (shift A) was like that of the day shift of the control group. And
on going to the shift B (afternoon shift), the rhythms of both oral temperature and
pulse rate did not change significantly except a slight change in the position of the
peak of the curve which had been shifted to a later period. On going to the right
shift, the patterns remained essentially the same, except a slight lowering of both
the mean values and the amplitudes.

To some extent a similar type of response was noted by KAMIMURA ef al. (1970)
where the diurnal rhythm of body (oral) temperature in workers on the morning
shift showed a pattern similar to that of the men in an ordinary routine. In the
present study, the working hour of the day shift of the control group nearly cor-
responded to the working hour of the men in ordinary routine of the above-men-
tioned study. In contrast to the present study, Kamimura observed that tem-
perature rose at night shift (being highest at 7.00 hr.) compared to two other
shifts. In the present study temperature was found to be on the decline in the
night shift compared (o two other shifts.  Of course here is a point to note that
the said night shift to Kamimura was a bit different in timing, being concluded at
a later hour (7: 30 hr.) compared to the present study (where night shifts are being
operated between 22:00 hr. and 6: 00 hr). However, in another study, Warta-
NABE (1968) noticed no sign of synchronisation of the temperature to the living
and work schedule within a five-day rotation period, whereas according to TELEKY
(1943) night work causes either a tendency to inversion or a true inversion of the
temperature curve within a week for most people if there is a physical work to be
done (factory work); but if the work is essentially mental or involves Jess physical

work (as in the case of the control group of the present study) the tendency is less
and the required time is longer.,
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VAN Loon (1963) attributes the reason for contradictory findings and opinions
on temperature rhythm-work/rest cycle relationship to the relative infrequency of
data collection; he points out that this infrequency leads to difficulty in recognising
a change in the rhythm if and when it takes place. On the other hand, KLEITMAN
(1963) was of the view that the failures to demonstrate inversion are probably due
to the impatience of the investigators who expects results within a very short
period; but actually in a situation where individual variations in resistances to
phase-change are very wide, it is necessary to continue observations for a much
longer period. It may be added that this period of observation, besides being
longer, would moreover have to be separated into two distinct types for observa-
tions and interpretation: (a) Period “contaminated”—the experimental subject
going back to holiday routine in off-days, and (b) Period uncontaminated (i.e.,
the experimental subject continuing in any shift without “off-days™). Because,
the point of *“contamination™ of the data collection period is a major cause of
difference in results among observers and individual differences among subjects
of a single observer. The data in the present study was therefore collected in
uncontaminated condition. Different experimental subjects may take a different
number of off-days at different dates in addition to the affair of ‘off-day’ at week-
end. Even going to the single week-end off-day itself, when they resume the
normal work/rest pattern, very probably resulting in reversion to normal tem-
perature rhythm. However, we learn more from VAN Loon (1963) that the es-
sential change in the rhythm after night work is the flattening of temperature curve
rather than total inversion and one should not take a shift in phase as the primary
criterion for deciding the questio1. of adaption.

Mean oral temperature of 24 hours and the amplitude of temperature of each
subject was lowest in the night shift (except in two subjects: SP and MG as given
in Table 1). It was interesting that the subject (SNDB) whose mean oral tem-
perature was lowest (36.93°) in the night shift, the difference between the means
of the shifts A and C was statistically significant (p<<0.001) and of the shifts B and
C was (p<0.005) also significant, as revealed by students’ t-test; whereas the mean
amplitude of temperature was highest (1.667°: the p value for the t-test were not
significant). This subject (SNDB) expressed his preference for the morning shift
and had a streng dislike for the night shift. Another subject (JG), also had his
minimum 24-hour mean temperature (36.78° and p<<0.001 of t-test between C and
A) in the night shift but the amplitude of his temperature also was the lowest in
night shift and, interestingly, he expressed his preference for the night shift. A
study on the comparative relations of mean oral temperature and its amplitude to
the worker’s suitability on a particular shift is in progress on a large group of
industrial workers with different degrees of heaviness of job.

The rhythm of pulse rate
As shown in Figs. 4 and 5, the pulse curve had more or less pattern similar
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to the oral temperature curve althroughout except a few momentary changes due
to short bursts of activities. With a change of shift, it also followed the oral tem-
perature curve specially in the case of non-industrial shift-workers. Here also,
like the temperature rhythm, the 24-hour mean pulse rate and the amplitude was
generally lower in the night shifts than those in the day shifts as shown in Table 2.
When the pulse rate rhythm of shift-workers was considered. it tended to fall more
in the night shift similar to the observation of DALEVA ef al. (1972). But the pulse
rate rhythm as compared to the oral temperature rhythm was slightly dissociated
towards the end of the night shift as shown in Fig. 5. It appears that pulse rate
is more adaptable to the work schedule and its circadian rhythm is slightly less-
rigid than the temperature rhythm. KLEITMAN ef al. (1963) preferred to conclude
that the diurnal heart rale curve is not a physiological rhythm like the diurnal oral
temperature curve, but a simple periodicity, immediately coupled with the daily
routine of living. However, it is intcresting to note that the pulse rate followed
the physical activity much more in industrial shift workers than in the non-industrial
control group.

The subject (SNDB) who preferred the morning shift to the night shift, had
the lowest amplitude of pulse rate in the morning and highest in the evening, and

the subject (JG) who preferred the night shift, had his lowest amplitude in the
night.

Hours of sleep

The total hours as well as the quality of sleep of the industrial shift-workers
were not much different in the three shifts except a very slight diminution of sleep
hours and satisfaction in sleep in the week of night shifts as shown in Table 3.
But the total sleep hours for each 24 hours in the sedentary non-industrial control
group, who got the same opportunity for sleeping freely on the dates of day-shifts
and night shifts was much less in the days of night shifts than in the days of day
shift of normal routine. Socially, the individual's opportunities were restricted
from full participation in the social activities which are designed mostly for day
time work, and the control subjects were not accustomed to shed off the anxicties
for socially and psychologically-desynchronised and altered routines. Besides,
the non-industrial sedentary control group was obviously disturbed in their im-
proper sleeping environment in the day time when they foilowed night shift rou-
tines. Thus the difference in the sleep hours in the day and night shifts may be
due to the non-indentical sleeping and social conditions in the two shifts. The
importance of social cues were stressed by ASCHOFF et al. (1971) in their experi-
ment and they found it to be of primary importance for retention of the circadian
rhythms (preventing inversion). GIEDKE et al. (1974) also took the social zeitgeber
as sullicient for the maintenance of human circadian rhythms.

Frequency of micturition
The frequency of micturition of the individual industrial shift workers were
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Table 3. Mean hours of sleep in each 24-hours.
Industrial shift Shift A Shift B Shift C

workers Mean SD Mean SD Mean SD
SNDB (D=38) 7.13 L3.1 7.47 +3.7 5.63 +3.9
BM (D=10) 7.62 +4.1 7.93 +2.7 7.55 +2.9
MG (D=10) 8.04 +3.3 8.22 +3.2 7.81 4.2
SM (D=12) 7.60 +3.4 7.58 +4.3 7.17 +3.4
PS (D=10) 6.23 +2.8 6.45 +3.6 5.64 +3.8
SP (D=14) 5.93 +3.3 6.02 +3.5 5.14 +4.3
IG (D=1D) 6.45 +3.1 6.81 +4.0 5.91 +3.5
KB (D=7) 6.71 +2.7 7.03 +3.2 6.28 +3.6

Day shift Night shift
Control group
Mean SD Mean SD

PP (D=6) 9.67* +2.1 4.17* +2.4
AM (D=¢) 6.97* +2.2 2.86* +2.6
AD (D=6) 9.34* +1.9 5.43~ +2.0
RM (D=6) 8.12* +2.4 3.18* +1.8
LM (D=6) 7.81 +2.7 4.45 +2.6
MK (D=¢) 8.59* 2.1 4.24+ +2.2

D, number of days of observati
SD, standard deviation.

* The values significant below 5% level.

on; A, morning shift; B, aflernoon shift; C, night shift:

more or less the same (Table 4) in three rotating shifts, although it was reported
by FROBERG (1972) that diuresis happened to be lowest in the night shift among

the three shifts. In the non-industrial control group,

the micturition frequency
was h

igher during night shifts in comparison to that during the day shifts.

Adaptation 10 change to shift
Sleep hours and micturition Srequency.

variations among the industrial workers in the time taken for adaptation to dif-
ferent shifts, specially to the night shifts; this adaptation or non-adaptation or
poor-adaptation in this study were reflected mainly through the duration of sleep
and the micturition-frequency. A few subjects (JG, BM) took only two con-
secutive days to have a good sleep on going to the night shift from the afternoon
shift, and others took as long as 5 to 6 consecutive days for a good sleep. There
are reports (BELOVA et al., 1974) that the restoration of the previous rhythms of

sleep/wakefulness was seen after two days of rest, but from this stud
alisation could be made as j

ing chambers) identically sa
study.

Gastro-intestinal disturbances.
of indigestion, acidity,

It is known that there are individual

y no gener-
t requires fully controlled environment (such as sleep-

me for all the subjects, which were not possible in this

The gastro-intestinal disturbances in the form
constipation, erc. appeared in two of the industrial shift-
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Table 4. Mean micturition frequency in each 24-hours.

Industrial shift Shift A Shift B Shift C
workers Mean SD Mean SD Mean SD
SNDB (D=3) 4.9* +0.91 5.4+ +1.02 7.0 +0.96
BM (D=10) 6.1 +0.82 5.9 +0.72 5.3 +0.74
MG (D=10) 6.5 +0.76 6.0* +0.65 5.1* +0.81
SM (D=12) 8.3 +1.12 8.4 40.84 7.9 +0.77
PS (D=10) 5.7 +0.81 6.2 +0.72 6.3 +0.67
SP (D=14) 7.1 +0.79 6.7 +0.96 6.6 +0.80
IG (D=1D) 6.9 +0.83 6.5* +0.78 5.2% +0.59
KB (D=7) 6.4 +0.92 7.0 +1.51 6.7 +0.68
Day shift Night shift
Control group
Mean SD Mean SD
PP (D=¢) 5.2* +1.55 7.8* +1.5
AM (D=¢6) 7.8* +1.4 10.7+* +1.3
AD (D=6) 4.5 +1.6 6.3 +1.0
RM (D=6) 5.2+ T 41.2 7.2* +i.4
LM (D=¢) 6.5* +1.1 9.3* +1.7
MK (D=¢) 5.7+ +1.5 8.2* +1.6

D, number of days of observations; A, morning shift; B, afternoon shift; C, night shift; SD,
standard deviation.

* The values significant below 5% level.

workers (SNDB, PS), but not in other control subjects; some of the control sub-
Jects complained about the difficulty in defecation after a change of shift. There
are reports by the previous workers (BARHAD et al., 1969) who maintain the view
that intolerance to shift rotation is manifested by gastric disturbances. TakAct
(1972) reported that a large number of shift workers suffer from digestive disorders.
Among the two subjects mentioned above, SNDB who preferred the morning
shift and disliked the night shift, frequently used to feel uneasy for some sort of
indigestion and difficulties in defecation, from the very second day of going to the
night shift till the second or third day of the next shift change (i.e., morning shift).

CONCLUSION

Thus it seems that the circadian rhythms of the different body systems have
some bearing upon health, on which the efficiency of work depends, and in turn js
modified by (a) the work Joad (SAUTKIN ef al., 1974), and (b) the hakit or training
of work in changing schedules. In order to get maximum efficiency from a biolog-
ical machine without endangering its well-being, health and longivity, we must
consider the ease and promptness of adaptability of the different body systems of
the workers to the rotating work schedules, because round the clock activity will
be a must in near future in industries for brighter economy and also it is going to
be adopted in all other spheres of human functioning for better output, quanti-
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tatively as well as qualitatively.
With further study, it will be possible to find out the important parameters
which may be employed to pre-select the shift workers suitable for specific shifts

or rotating shifts with maximum productivity continuing through maximum num-
ber of days with unaffected health.
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THE UNIVERSITY OF CALCUTTA IN PHYSIOLOGY BY Mr SRI
SAMIT KUMAR MITRA M.S.C. UNDER THE TITLE
"PHYSIOLOGICAL STUDY OF THE WORKERS ENGAGED IN
BRICK-FIELD".

I am specially happy and proud to have been choosen as an examiner of the above
mentioned thesis that is a typical product of the very respected Calcutta University
School of Work Physiology. Since I am working in this field (more than 40 years),
I have collected many studies which are precise and sharp descriptions of indian
workers. Simultaneously, this school that is probably now the most important
group of work physiology in the world has confirmed and deepen the knowledge
about the physiology of man at work in general.

Coming from such a brilliant center M. Sri Samit Kumar Mitra thesis has to be
considered with rather severe requirements. Even with such requirements, his
thesis is quite satisfactory.

Both the scientific frame and the social demands are clearly expressed in the form
of set of questions presented at the beginning of each chapter and answered at the
end in a very demonstrative way. The methods are classical, justified and well
related to the theoretical frame.

The anthor explains clearly how numerous are the workers who are engaged in the
strenuous work found in brick fields. This consideration underlines the necessity of
studying specially this group of workers who have not yet been subjects of a
scientific evaluation.

It seems that the sample studied coming from 3 brick-fields among the 4000 found
in Eastern India (West Bengal) is representative of the whode population of brick
fields workers though it is of course very difficult or impossible to give a full
demonstration. In fact their height (# 163 cm), their weight (20-29 years old # 50
kg, 30-39 years old 56 kg) and their V02 max (2,20 liters minute -1) and V02 max
per Kg (45 ml Kg -1 minute -1 for younger men, 40 ml Kg -1 minute -! for

elder men) are rather typical of rural indian industrial workers selected among the



farmers by the employers. The author has himself reinforced this selection in
choosing "subjects with good physique as well as apparent physical fitness -
willing to cooperate and having at least two years experience in the brick industry”
(p. 61). We may also remark that the mean age of the sample is 30 Y with a group
of young workers (mean age 25 Y) and "old" workers (mean age 36 Y) No worker
older than 40 Y was considered.

We have no information about the nutrition status of these workers or their financial
ressources (salary, extended family) so we cannot know really if their important
training has resulted in a full development of their physical capacities. We may
consider that their characteristics are between those of villagers (Nag, 1981) and
those of industrial workers (Sen and Sarkar, 1979).

The correlation between bothy height and Forced Vital Capacity (F.V.C.) is well
established and the regression equation very useful.

The author gives a new demonstration of the influence of age on working capacity.
It could be wise to change a little fig. 1 (p. 107) where we see the measured points
in a situation not corresponding exactly to the written presentation of the results.
Either these points correspond to the two means related to age groups and it would
be better to see the left point at 44,60 (ml kg -1 minute - 1 and 24,4 Y and the right
point at 40,21 ml Kg -1 minute - 1 and 35,57 Y or if the regression line has been
calculated from all the data the 2 points are not necessary. This is a detail on which
I may be wrong. Another remark may be related to the fact that the author has
observed a rather big difference in V02 between 2 groups which mean age differ
only by 10 years. This difference is more important than what as been found by
Nag and coll. (1980) and Nag (1981).

This result linked to the fact that no worker is aged more than 40 Y. May indicate
that work in brick fields may be so strenuous that it could affect the long term
health of workers. But we have not facts about the oxygen consumption during
work. These data are very difficult to obtain and very rare. But we can learn in the
thesis what is the global physiological load with many measurement of heart rate.
This measure has the great advantage of integrating heat load. The author brings
very convincing evidences of the influence of thermal environment showing
striking difference between seasons and hours of the day. If the influence of heat

specially on elder workers is quite classical, very convincing demonstrations of



climatic differences are rare in the litterature. The results obtained by the author
among brick field workers are very convincing and of utmost interest. Some
results are really appaling : means of 136bp for both groups during the fifth
working period at the end of the morning during summer. In the 2 last periods of
the morning and the 3 last periods of the afternoon mean pulse rate is superior to
130 bpm for younger puddlers !

These data raise the question of the classification of work from the viewpoint of
heaviness. It is difficult to avoid a critical reflexion about the validity of
Christensen'scale in these special population activities and climate. Anyway "it is
more or less universally admitted that heart beat rate should not exceed 110
beats/minute for long periods during the work day. During more intensive work
periods 130 beats/minute should not be exceeded" (Wisner A., 1989, International
Journal of Industrial Ergonomics, 4, 117-138).

The author has produced very interesting recovery heart rate curves. We may
remark that in summer these curves are totally or partially above the safe limits (1st
minute 110bpm, 2 nd 100, 3 rd 90) proposed by Brouha even for the younger
green brick makers or the stackers (3rd minute).

As an ergonomist, I am always interested by the practical recommandations that
may be issued after a field research. To give precise examples, I would like to refer
to L. Brouha book "Physiology in industry” (1967) quoted quite rightly a few
times by the author in his thesis. Brouha suggest a few directions for solutions in
the case of workers overloaded by physical work and heat : breaks taken in places
relatively protected from heat sources (sun), limited duration of work, hats, baths
(in the neighbouring canal), availability of abondant cool, good taste drinking
water. I dont know how far for these solutions are realistie in the case of West.
India brick fields workers, considering economical and cultural dimensions.

I repeat my high appreciation of the thesis of Mr Samit Kumar Mitra. Reading his

book has been extremly interesting and stimulating for me and I hope that the
University of Calcultta will award M. Samit Kumar Mitra with Ph. D. with the
A. Wisner, professor emeritus

highest possible appreciation.
N T
ﬂ\
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farmers by the employers. The author has himself reinforced this selection in
choosing "subjects with good physique as well as apparent physical fitness -
willing to cooperate and having at least two years experience in the brick industry”
(p- 61). We may also remark that the mean age of the sample is 30 Y with a group
of young workers (mean age 25 Y) and "old" workers (mean age 36 Y) No worker
older than 40 Y was considered.

We have no information about the nutrition status of these workers or their financial
ressources (salary, extended family) so we cannot know really if their important
training has resulted in a full development of their physical capacities. We may
consider that their characteristics are between those of villagers (Nag, 1981) and
those of industrial workers (Sen and Sarkar, 1979).

The correlation between bothy height and Forced Vital Capacity (F.V.C.) is well
established and the regression equation very useful.
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I may be wrong. Another remark may be related to the fact that the author has
observed a rather big difference in VO2 between 2 groups which mean age differ
only by 10 years. This difference is more important than what as been found by
Nag and coll. (1980) and Nag (1981).

This result linked to the fact that no worker is aged more than 40 Y. May indicate
that work in brick fields may be so strenuous that it could affect the long term
health of workers. But we have not facts about the oxygen consumption during
work. These data are very difficult to obtain and very rare. But we can learn in the
thesis what is the global physiological load with many measurement of heart rate.
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climatic differences are rare in the litterature. The results obtained by the author
among brick field workers are very convincing and of utmost interest. Some
results are really appaling : means of 136bp for both groups during the fifth
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the morning and the 3 last periods of the afternoon mean pulse rate is superior to
130 bpm for younger puddlers !

These data raise the question of the classification of work from the viewpoint of
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Christensen'scale in these special population activities and climate. Anyway "it is
more or less universally admitted that heart beat rate should not exceed 110
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periods 130 beats/minute should not be exceeded” (Wisner A., 1989, International
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The author has produced very interesting recovery heart rate curves. We may
remark that in summer these curves are totally or partially above the safe limits (1st
minute 110bpm, 2 nd 100, 3 rd 90) proposed by Brouha even for the younger
green brick makers or the stackers (3rd minute).

As an ergonomist, I am always interested by the practical recommandations that
may be issued after a field research. To give precise examples, I would like to refer
to L. Brouha book "Physiology in industry" (1967) quoted quite rightly a few
times by the author in his thesis. Brouha suggest a few directions for solutions in
the case of workers overloaded by physical work and heat : breaks taken in places
relatively protected from heat sources (sun), limited duration of work, hats, baths
(in the neighbouring canal), availability of abondant cool, good taste drinking
water. I dont know how far for these solutions are realistie in the case of West.
India brick fields workers, considering economical and cultural dimensions.

I repeat my high appreciation of the thesis of Mr Samit Kumar Mitra. Reading his
book has been extremly interesting and stimulating for me and I hope that the
University of Calcultta will award M. Samit Kumar Mitra with Ph. D. with the

highest possible appreciation.
~~ A-/
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A. Wisner, professor emeritus
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Research Note:

Legibility of Type Faces

S. S. JHA

Department of Humanities & Social Sciences,
I1T Kharagpur

Man’s function in many man-machine
system is that of a decision making and acti-
vating link between displays and controls.
In these capacities his performauce is in
part dependent upon the rapid and accurate
reception of information from the displays in
the system. It is important, therefore, that
the letters, words, numerals and symbols used,
in visual displays be maximally legible.
Precisely for this reason, legibility of Alpha-
numeric symbols continue to be the subject of
interest. But the preferential study of the type
faces from the legibility viewpoint is surpri-
singly few. Burt (1955) has studied the influ-
ence of iype-face, boldness, size, interlinear
spacing, length of line, and width of margin
on legibility both with children and adults.
His study revealed that the old style Antique
appeared most appropriate for children under
12, and Imprint, Plantin, or Times New
Roman for those over 12 years. She questions
regarding several other type faces are yet to
be answered. Particularly, in Indian context
such research efforts are highly needed as a

- few such attempts have been made in past

(Daftur, 1975, 1977a, 1977b).

The present study aims at making a pre-
ferential study of three type faces-Cheltenham,
Sanserif and Roman-with two sizes for each
(10- and 12 point) and in both the cases.

METHOD

Subjects: 50 undergraduates belonging to Gaya
College, Gaya, acted as subjects. The mean

& C. N. DAFTUAR
M. S. University, Baroda

age of the subjects was 18 years ranging from
16 to 21 years.

Apparatus and Test Materials

Stimuli consisted of nonsense syllables
printed in three type faces-Cheltenham, San-
serif and and Roman-with two sizes for each
(10- and 12-points) and in both the cases
(upper and lower). Altogether 60 stimuli were
used (5 stimuli X 3 type faces x 2 cases x 2
point sizes). Printing was done on white cards
in black ink. Condensed form of type face
was used for all. Stimuli were presented
through a tachistoscope. The experiment was
conducted in laboratory setting during day
time.

Experimental Procedure

The viewing distance of 30"’ measured
from cornea was kept constant with the help
of a chin rest. The aparature exposure timing
was fixed for 1/15 of a second.

Subjects were given complete instructions
about the procedure used and some practice
trials were given. Stimuli for practice trials
were related to all veriety of test-stimuli.

The printed cards were arranged in
random order, 60 different orders being used,
Subjects were asked to pronounce the letters
they saw and the responses were noted. One
score was given for entirely correct reproduc-
tion of all the five letters and zero for incor-
rect. Rest of five minutes was allowed after

Manuscript received on March 16, 1981,
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the completion of 30 trials. The entire session
lasted for about 30 minutes.

RESULTS

Table : 1 indicated that the mean legibi-
lity scores of 12 point Roman in upper case
was superior to both Cheltenham had the high-
est mean score and Roman was better than
sanserif. In 10 point size Cheltanham enjoyed
the highest legibility. Particularly it proved

109

markedly superior to Sanserif, as t - values in
both the cases (t ~2.50 L .05; t = 3.52 L .05)
were significant.

A comparative assessment of lower-, and
upper cases revealed that the upper case was
more legible in all the situations. In some
cases (for example, 12-point Roman and 10~
point Sanserif) differences were significant
(t = 2.75 < .05; t = 2.26, < .05).

TABLE 1
s Mean and t-Values of different type faces
12 point Type Faces Mean Type Faces Mean t-values
Upper Case Cheltanham 93 Roman 1.36 .53
Cheltanham 93 Sanserif 1.00 .30
Roman 1.36 Sanserif 1.00 1.60
Lower Case Cheltanham 90 Roman .70 1.05
Cheltanham 90 Sanserif 63 1.42
Roman- .70 Sanserif .63 0.38
10point
Upper Case Cheltanham 1.70 Roman 1.16 1.50
Cheltanham 1.70 Sanserif 0.93 2.50%
Roman 1.16 Sanserif 0.93 0.82
Lower Case Cheltanham 1.10 Roman 0.73 1.85
Cheltanham 1.10 Sanserif 0.50 3.52%*
Roman 0.73 Sanserif 0.50 | 1.09
* Significant at .05 level of Confidence.
** Sigunificant at .01 level of Confidence.
TABLE 2
Mean and t-values of upper and lower cases of different type faces
Type Faccs Mean t-values
Upper : Lower
Cheltanham .93 90 14
12 point Roman 1.36 .70 2.75
Sanserif 1.00 .63 1.70*
Cheltanham 1.70 1.10 2.01
10 point Roman 1.16 .13 1.59
Sanserif 0.93 0.50 2.26*

*Significant at .05 level of Confidence.
13
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TABLE 3 \
Mean and t-values of 12 and 10 poiat sizes of various type faces '
Mean .
Type Faces 12 point 10 point t-values
Cheltanham Upper Case 93 1.70 2.45*%
Roman Upper Case 1.36 1.16 0.62
Sanserif Upper Case 1.00 0.93 0.31
Cheltanham Lower Case 0.90 1.10 1.05
Roman Lower Case 0.70 0.73 0.14
Sanserif Lower Case 0.63 0.50 0.68

*Significant at .05 level of Confideuce.

One purpose of the study was to investi-
gate which point size was better for legibility.
Except in lower and upper cases of Cheltan~
ham, legibility was better for bigger point
size.

DISCUSSION

The study indicated that, on the whole,
(except 12 point upper case of Roman) Chel-
tanham type face proved most legible.
Roman proved superior to Sanserif. This
finding could be supported by the results of
Paterson and Tinker (1946). They found
Cheltanham lower case better in the printing
of Newspaper headlines. The superiority of
upper case was substantiated by the investi~
gation of Hodge (1962). He recommended the
use of upper case in visual displays and lables.
The finding that 12 poiat Roman was most
legible was similar to that of Daftuar (1975,
1977). Baut at the present stage of our data
it is difficult to explain the superiority of 10
point Cheltanham (both the cases) to 12 point.
I suggest a more systematic and intensive
study on this line to explore the possible
causes.
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Nutrient Intake of Selected Vulnerable Groups in

Coimbatore District
Rajammal P. Devadas and Parvathi P. Easwaran

Sri Avinashilingam Home Science College, Coimbatore, ndia.

Malnutrition, which is still widely Prevalent, in spite of the
great strides in recent years in the oroduction of food (2)
is a matter of great concern of nutritionists all over the
world. About half of the people who inhabit the world are
inadequately fed. For them there is too little food to lead
a healthy life (14). Freedom from hunger is the cry of the
day in the developing world(3).

Surveys conducted by the WHO and .FAO reveal that mal-
nutrition in the developing countries of the world is due to
inadequate resources and failure to use the available re-

ing population, Vulnerable groups, are children and expec-
tant and nursing mothers, who are particularly affected ad-
versely by malnutrition.

It is well known that the major cause of malnutrition is
poverty. There are other equang important contributing
factors, however, such as lack o knowledge, defective per-

sonal hygiene, faulty feeding habits rigid customs, taboos
and traditions(3). ’ '

Infants and children suffer malnutrition through improper
and inadequate weaning foods. Women of child-bearing age
are also susceptible to malnutrition because of the frequent
occurrences of Pregnancy and lactation which deplete the

storage of nutrients in the maternal organism. Consequently,

the morbidity and mortality rates are very high,

Dietary surveys conducted in various parts of India indicate
that the meal patterns of the POOr communities are basically
similar, with an excessive cereal content, which provides

nearly 80 per cent of the total food energy. The intake of
protective foods is negligible (9,17).

Quantitative data on the food and nutrient intake of these
vulnerable sections of the population are scarce. The data
obtained from the food consumption surveys conducted by
the authors on the population from the poor socio-economic
groups in the rural areas around Coimbatore are discussed
in this paper. The method used was that decribed by the
ICMR (10 involving weighing of both raw and cooked foods
for a period of seven days. Thimmayamma and Hanumantha
Rao (16) point out that weighing is the most reliable method.

Table I gives the food intake of the population compared
with the allowances recommended by the ICMR (11).

The cereals commonly consumed by the vulnerable groups
were rice, ragi and cholam, Among the pulses (split, de-
husked legumes) redgram dhal and greengram dhal were
used every day, while the whole grams were used occasion-
ally and in season. Vegetables, locally available and of low
cost such as brinjal, amaranth and onion and, among the
fruits, banana, were ordinarily consumed by the rural families,
Mutton was the flesh food eaten occasionally; all other flesh
foods were considered too expensive. Milk was used in the
form of butter milk, Whole milk, if at all used, was utilised
in very small amounts in coffee or tea.

The diets of all the three groups surveyed were grossly de-
ticient in all essential food values, the deficiency being great-
est with regard to protective foods. The diets of the pre-
school children did not contain the elements required to

TABLE 1. Mean Daily Food Intake of the Vulnerabie Groups compared with the Recommenda-

tions of the ICMR (g)

Leafy Other Milk & Fats Sugar
. No. of vege- Rootsand vege- its pro- Flesh and and
Groups subjects Cereals Pulses tables Tubers tables Fruits ducts foods Oils Jaggery
Pre-school children 39 199 30 8 24 18 15 66 2 5 15
RDA Vegetarian 175 55 63 40 50 225 — 23 35
Non vegetarian 175 45 63 40 50 200 30 23 35
School going boys
6-12 years 48 322 32 12 34 13 4 67 10 11 9
—
RDA Vegetarian 285 70 88 63 50 250 - 30 50
Non vegetarian 285 60 88 63 50 200 30 30 50
School going girls-
6-12 years 48 297 33 14 14 59 6 32 2 12 10
RDA Vegetarian 275 70 90 63 50 250 - 33 50
Non vegetarian 275 80 90 63 50 250 30 33 50
Expectant women 12 346 29 2 22 7 nil 20 14 4 3
RDA Vegetarian 400 70 150 75 75 30 325 - 410 40
Non vegetarian 400 55 150 75 75 30 225 30 40 40
Nursing Mothers 27 395 58 10 10 5 4 49 16 11 7
RDA Vegetarian 450 80 150 75 75 30 325 - 50 50
Non vegetarian 450 85 150 75 75 30 225 30 50 50

RDA = Recommended Daily Allowances
60




TABLE 2. Mean Daily Nutrient Intake of the Vulnerable Groups compared with the Allowances

Recommended by ICMR.

Vitamin A Ascorbic

No. of Protein Calcium  Iron Retinol Thiamin  Acid
Groups subjects  Calories (g) (mg) (mg) (mg) (mg) (mg)
Pre-school children 39
Intake 952 25 312 21 204 0.84 10
RDA 1350 19 400-500 15-20 250 0.70 30-50
School going boys 6-12 years 48
Intake 1430 38 629 36 281 1.53 8
RDA 1950 37 400-500 15-20 500 0.95 30-50
School going girls 6-12 years 48
Intake 1314 33 548 35 325 1.66 8
RDA 1950 37 400-500 15-20 500 0.95 30-50
Expectant women 12
Intake 1379 37 379 32 106 1.55 3
RDA 2500 55 1000 40 750 1. 30 50
Nursing Mothers 27
Intake 1736 48 568 37 257 1,88 12
RDA 2900 65 1000 30 1150 1.50 80
give a balanced diet, being adequate only in regard to cereals, CONCLUSION

roots, tubers and other vegetables. The consumption of cere-
als by school-going children, boys and girls, was also higher
than ratios recommended by the ICMR.

That none of the expectant mothers was aware of the increas-
ed maternal requirement for food during pregnancy is
evident from their diets, which were grossly inadequate in

all food items, including cereals. Gopalan (8) observed in

his surveys that the diets in pregnancy were not different
from those during non-pregnant periods. This situation, of
course, may well have been due to scarcity conditions.

Nursing mothers also consumed inadequate amounts of the
right food items, the inadequacy being striking with regard
to vegetables, fruits, milk and its products, and flesh food.

These findings are in agreement with those of Gopalan et al (9).

The nutrient intake of the subjects was calculated for the
raw—food equivalents, which were computed from the quanti-
ties of the cooked foods consumed by the selected subjects,

using the figures given in the Food Composition Tables of
Aykroyd et al (1).

Table 2 gives the nutrient intake of the vulnerable groups in
comparison with the allowances recommended by the ICMR (1),

The diets of the pre-school children fell short of the recom-
mended allowances for calories, calcium, vitamin A and as-
corbic acid. Surprisingly enough, the protein intake was
adequate, which probably may be due to the excessive intake
of cereals and fairly good intake of pulses. The intake of
iron was adequate, but how far it was utilised by the body
is questionable, because the iron was mainly from vegetable
sources. Due to the consumption of parboiled rice, the thia-
:lM intake was also adequate. The mean daily nutrient in-
ke of these children agrees with the previous studies con-

Gucted by Devadas and Easwaran(5), Narasinga Rao et al(12)
and Devadas et al (6).

::; school boys, the intake of calories, calcium, vitamin A

‘mncorbic acid was deficient, while the intake of protein,

aa n:tnd thiamine was adequate. But the diets of school-girls

caloty furnish adequate amounts of all the nutrients except

. m, iron and thiamine, the inadequacy being striking with
*€ard to calories and ascorbic acid.

I::::c:ere large differences between the recommended al-
mother 8 and the mean daily nutrient intake of expectant
tn the c: With regard to all the nutrients except thiamine.
8 ':f laot iron, the inadequacy was of a smaller magni-
lan(8) r results have been recorded by Pasricha(13).
tursing | and Shankar(15). The mean daily nutrient intake
except h_onmothers was deficient in calories and all nutrients
fadings of and thiamine. This observation endorses the
Devadas and Mangalam(7).

The food and nutrient intake of the selected vulnerable groups
is inadequate in many respects. In the diets of pre-school
children, a lack of calories was noted. Nutrition, education
and increase in the purchasing power of the families are
required to improve the diets. The Applied Nutrition Pro-
gramme needs to be planned, taking these findings into con-
sideration.
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Introduction of Ergonomics to Industry

ERGOTIOMTCS IM AGRICIT, "RAL, ENGINZERING IN INIDIA

B.G.YADAY, L.P.GITE
Central Institute of Agricultural fnglneering,
Bhopal, Madhya ®radesh, India

India is a vast anmricultural country having a total cultivated area of about
139 million hectares. The human work force involved in agriculture is about
136 millions. The traditional agriculture utilised mainly manual and animal
power whereas the use of mec.anical power nas also come up in the recent past,
The equipment for different agricultural operations and suitable for manual,
aninal as well as motor power are commercially available in the country. Often
it is found that the human beings are not considered as a part of the systen
while designiag the equipment, which deteriorates tae systems performance., In
this paper an attempt is made to identify the role of ergonomics in agricultural
engineering with special reference to farm equipment design and operation.

India is a vast agricultural
country having a total cultivated
area of ahout 139 million hectares
and the annual food production of
about 130 million tonnes (1), About
33 percent of the power used in
azriculture comes from 30 million
draft animals and the contribution
of human power 1is 13 percent which
is available from a working force
of 196 millions, The traditional
agriculture utilised nainly these
two types of powers i,e, mrnual and
animal, but the use of mechanical
power has also come up in the rec-
ent past, The agricultural emuip-
ment for different operations are
commercially availahle in the coun-
try and many more have been devel-
oped in various researcnh institit-
ions. Often it is found that while
developing the equipment, human
being  operator) 'is not considered
as a part of the system and there-
fore the man-machine system perfor-
mance as a whole is poor,

In this paper an attempt is made
to analyse the role of ergonomics in
agricultural engineering in general
and farm equipment design and use in
particular,

In Indla, 7077 of the farmers
have holdings less than 2 hectares.
Therefore, various hand tools and
manually operated equipment are
extensively used for different crop
production and processingz operat-
ions. Some of them are pickaxe,
spade, seed dibbler, fertilizer
broadcaster, seed fertilizer drills,
paddy transplanter, hand hoe, hand
cultivator, rotary weeder, wheel hoe,
irrization hand pump, sickle, maize
sheller, groundnut stripper, paddy
thresher, winnower, groundnut decor-
ticator, chaff cutter etec.

£99

The general problems in the farm
equipment design related to the
field of ergonomics can be grouped
under following heads,

(1) Size and Shape of Handle:

Most of the traditional tools
are short handled ones; which needs
either sn~uatting or bending posture
for its operation. This induces
undue strain on the operator and
reduces the total output per day.
For instance, the spade, a short hand-
led traditional tool (Fig.1) had a
capacity of 0.005 ha’h of weeding
and interculture, but the actual out-
put was 0,0023 ha’h (2)., It was due
to the reason that tae operator had
to take frequent rest to relieve the
strain imnosed on him due to posture,
Long handled tools like rotary weed-
ers (Fig.2) developed at some places
cause 1less drudgery and perform
better than the traditional tools.
There is still further scope in imp-
roving these tools by providing the
handles of proper size and shape
based on ergonomic considerations,

In case of animnal drawn equipment
both, the height and the size of grip
of handle as well as the length of
lever are important, On shorter hei-
ght the operator is compelled to bend
more which induces unwanted strains
in the back. In adverse condition
the control of implement is quite
difficult,

The anthropometric data on the
acricultural workers can be of great
help in proper design of handles and
thus in reducing the operators'
drudgery.

(2) Mode of Operntion

A number of equipment 1like low
1ift water oump, pedal overated paddy
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thresher etc, have reciprocating mode
of operation. It has been proved
that the rotary mode of operation is
petter than the reciprocating in
terms of output as well as human com-
fort, Thus by changing the mode of
operation from reciprocating to rot-
ary type, the efficiency of the
equipment can be increased.

Some equipment like maize sheller,
winnower are hand operated, As it
is well established that the leg
muscles are sironger and can provide
more power than hand muscles, such
equipment can be made pedal operated
for increasing the output and effi-
ciency.

(3) Physical Vorkrate:

The acceptable work load for
young Indian workers as found by Saha
et al (3) is 35% of an individual's
maximum aerobic power, The corres-
ponding energy exXpenditure and heart
rate would be around 18.0 KJ/minute
and 110 beats/minute respectively,
While designing the hand tools and
manually operated equipment care
should be taken to keep the operat-
ing efforts below this l1imit to atta-
in the higher efficiency of the
system,

In case of animal drawn equipment
the operator has to walk considera-
bly e.g, for ploughing 66 km’/ha, for
harrowing 20 km/ha in loose and dif-
ficult terrain, This induces heavy
drudgery in operation. A number of
wheeled tool bars have been develop-
ed on wnich a seat is provided for
the operator., These tool bars are
better in work output as well as
human comfort, However, cost of
these equipment is high which often
prohibits its adoption by the small
farmers,

(4) Health Hazards due to Vibratien,
Noise and Dust Problems:

At present India has about
400,000 tractors, 50,000 power tillw-
ers (two wheeled tractors) and
103,000 power operated knapsack spr-
ayers, Vibrations of such machine
pose a serious problem on the oper-
ator's health during various field
operations, Noise and dust pollut-
ion cause a number of healtn hazards,
A survey on the operators' health is
very essential to have the clear
picture of tne situation,

(5) safety:

In India, with the increase in
use of trac%ors, power tillers, eng-
ines and other machines like thresh-
ers, the farm accidents have increa-
sed considerably, Specially thresher

Introduction of Ergonomics to Industry

accldents have assumed a serious pro-
vortion, making annually about 1000
workers ohysically handicapped. Ergo-
nomics has a very important role to
play in the design of these equipment
to mzke them safe for operators, Deve-
lopment of safe feeding chutes and
automatic feeding mechanism for thre=
shers have helped to some extent in
minimising these hazards, The data
on accidents due to various farm equ-
ipment (other than threshers) is
necessary for selecting proper appro-
ach in solving such problems,

Studies on Animal Work System:

As mentioned earlier, animals par-
ticularly oxen are used in India as
a major source of draft power, Stu=
dies in animal physiology to find
out proper work rest schedule for
better animal performance are consi-
dered necessary,

From the ahove discussion, it is
clear that ergonomics has a very
important role to play in improve-
ment of agricultural equivment for
better performance as well as more
human coafort.
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